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ABSTRACT 
A  digital  computer  program  was  developed  to  find  the  buckling 
coefficient  for  rectangular  plates  with  all  edges  simply  supported  or 
with  all  edges  clamped.   A  finite  difference  technique  is  used  to  solve 
the  partial  differential  equation  for  the  deflection  of  a  plate  classi- 
cally treated  as  having  only  a  small  deflection  compared  to  its  thick- 
ness.  The  program  was  prepared  to  take  for  an  input  the  stresses  at 
nodes  formed  by  grids  dividing  the  plate  into  rectangles.   The  stresses 
and  deflections  at  each  node  are  used  in  writing  difference  equations. 
An  extrapolation  formula  is  featured  in  the  program  which  allows  a 
close  approximation  to  the  buckling  coefficient  without  necessitating 
the  use  of  a  large  number  of  grid  nodes.   The  program  was  written  in 
FORTRAN  60  but  must  be  used  as  a  FORTRAN  63  program  to  take  advantage 
of  some  of  its  inherent  flexibilities.   Information  is  provided  in 
the  output  of  the  program  which  aids  in  evaluating  the  reliability  of 
a  solution. 
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1.    Introduction. 

The  determination  of  the  Initial  buckling  load  of  homogeneous  plates 
has  been  a  subject  of  Interest  for  many  years.   A  very  good  compilation 
of  past  approaches  may  be  found  In  the  work  by  Gerard  and  Becker  [8]. 
The  methods  used  were  varied  and.  In  general »  they  may  be  classified  In- 
to two  categories:   (1)  variational  methods  (commonly  known  as  energy 
methods  when  applied  to  mechanics),  the  best  known  of  which  are  those 
attributed  to  Rltz  and  B.  G.  Galerkln  and  (2)  numerical  methods  In  which 
finite  difference  approximations  to  the  partial  differential  equations 
of  the  deflection  of  the  plate  at  a  sufficient  number  of  points  on  the 
plate  result  in  a  set  of  algebraic  equations.   The  methods  under  the 
first  category  result  in  approximating  an  infinite  set  of  infinite 
series  equations  by  a  finite  set  of  equations  which  must  be  solved  simul- 
taneously.  The  second  method  Involves  the  coefficient  matrix  of  a  set 
of  algebraic  equations  whose  eigenvalue  is  found  or  its  determinant 
evaluated  for  a  given  value  of  an  appropriate  parameter.  The  parameter 
is  varied  until  the  determinant  vanishes. 

The  first  method  results  in  a  solution  limited  to  the  problem  for 
which  it  was  developed.   Further,  it  does  not  promise  to  be  simple  for 
cases  which  may  be  more  on  the  practical  side.   The  second  method  was 
shown  to  require  a  considerable  amount  of  labor  and  time  in  evaluating 
the  determinant  of  a  large  matrix,  even  for  a  simple  case.   Computeriza- 
tion suggests  itself  as  a  remedy  to  such  limitations  encountered  in  both 

A  conclusion  by  J.  Yardley  in  his  thesis  "Applications  of  Finite 
Difference  Equations  to  Buckling  Problems  of  Rectangular  Plates", 
Washington  University,  (1948). 


methods. 

With  this  in  view,  a  digital  computer  program  was  developed  to  find 
the  buckling  coefficient  for  rectangular  plates.   The  program  was  written 
for  plates  with  all  edges  simply  supported  or  all  edges  clamped.   In 
writing  the  program  the  governing  partial  differential  equation  for  the 
deflection  of  a  rectangular  plate  based  on  the  classical  treatment  of  a 
thin  plate  having  only  a  small  deflection  was  used.   Hence,  all  problems 
that  are  solved  using  the  program  will  also  be  based  on  the  same  treat- 
ment . 

There  are  two  steps  that  must  be  accomplished  to  get  the  initial 
buckling  load.   First,  the  governing  partial  differential  equation  is 
replaced  by  a  set  of  linear  algebraic  equations  by  approximating  it  with 
difference  quotients  term  by  term.   Second,  the  highest  eigenvalue  of 
the  coefficient  matrix  of  the  set  of  equations  must  be  found.   The  buck- 
ling coefficient  is  inversely  proportional  to  the  eigenvalue  of  the 
matrix.   This  will  be  shown  in  the  following  section. 

2.   Mathematical  Basis. 

The  governing  partial  differential  equation  of  the  deflection  of  a 

plate  in  equilibrium  in  the  absence  of  body  forces  and  which  is  under 

2 
the  action  of  forces  in  its  middle  plane  is 


2 

Timoshenko,  S.  P.,  and  J.  M.  Gere,   Theory  of  Elastic  Stability 

(New  York,  Toronto,  London:  McGraw-Hill  Book  Company,  1961),  p.  348. 


where 

w  "  lateral  deflection  of  the  plate 

x,y  ■  cartesian  coordinates.   These  are  conveniently  taken 
parallel  to  the  sides  of  the  plate. 

D  "  flexural  rigidity  of  the  plate 

N  »  the  normal  force  per  unit  width  In  the  x-dlrectlon 
X  '^ 

N  «  the  normal  force  per  unit  width  In  the  y-dlrectlon 

y 

N   ■  the  shearing  force  per  unit  width  In  the  x  and  y  directions 
The  forces  N  »  N  ,  N    may  be  expressed  In  terms  of  a  common  parameter 
N.  Thus  we  put 

N  =  N  P  (x,y) 

X        X 

N  -  N  F  (x,y) 

y    y 

N   =  N  F   (x,y) 
xy      xy 

where  F  »F  ,  and  F   are  specified  functions  of  x  and  y.  Assuming  that 
such  a  relationship  exists,  the  problem  of  finding  the  buckling  coef- 
ficient becomes  a  problem  of  finding  the  smallest  value  of  N  that  would 
cause  the  plate  to  start  to  buckle,  or  the  critical  value  of  N.  To  do 
this  using  finite  difference  technique,  Eqn.  1  must  be  replaced  first 
with  a  set  of  linear  algebraic  equations. 

The  plate  is  divided  Into  Integral  parts  In  the  x  and  y  directions 
so  that  rectangular  meshes  of  uniform  size  are  formed.  This  manner  of 
dividing  the  plate  Is  advantageous  because  It  Is  not  limited  by  the 
aspect  ratio  of  the  plate  and  thus  makes  programming  easier.  At  each 
comer,  or  "node",  of  the  meshes  a  finite  difference  equation  Is  writ- 
ten in  approximation  to  Eqn.  1.  The  set  of  algebraic  equations  formed 
may  be  written  in  matrix  form  as 


A^w  =  kBw  (2) 


where 


2 
A  =  square  coefficient  matrix  for  the  left  side  of  Eqn,  1. 


B  =  square  coefficient  matrix  for  the  right  side  of  Eqn.  1, 
w  •  coltimn  vector  of  the  plate  lateral  deflection  at  nodes, 
k  =  function  of  the  parameter  N. 
Eqn.  2  may  be  rewritten  as 

(C  -  ^  I)w  »  0  (3) 


where 


C  =  a'^b 


I  =  the  identity  matrix  of  the  same  order  as  C. 
Except  for  the  trivial  case  when  w  is  zero,  Eqn.  3  is  true  only  when 

where  X  is  an  eigenvalue  of  the  matrix  C.   Since  we  are  seeking  the 
smallest  value  of  k,  the  highest  eigenvalue  ?\.  must  be  found.  The  de- 
tailed mathematical  formulation  for  the  matrices  is  discussed  in  Ap- 
pendix I. 

It  was  realized  that  theoretically  the  outlined  procedure  of  find- 
ing the  buckling  coefficient  will  give  a  value  close  to  the  correct  buck- 
ling coefficient  only  when  the  nimiber  of  points  used  is  large.  There 
are  a  number  of  objections  to  satisfying  such  a  requirement.  Dealing 
with  a  large  number  of  points  will  require  a  large  amount  of  computer 
storage  since  for  a  given  square  matrix  a  storage  equal  to  the  square  of 
its  order  is  required.  The  second  objection  to  the  use  of  a  large  number 
of  points  in  the  plate  is  that  too  much  computer  time  will  be  involved. 
The  last  objection  is  that  there  is  possibility  of  round-off  which  would 
introduce  an  error  unless  computation  using  double  precision  arithmetic 

10 


is  resorted  to. 

To  eliminate  the  necessity  of  using  a  large  number  of  points  on  the 
plate  an  extrapolation  formula  is  used.   In  doing  this  one  effectively 
looks  for  an  estimate  of  the  error  Inherent  in  the  finite  difference 
approximations  of  the  governing  partial  differential  equation  when  using 
a  finite  number  of  points  in  the  plate.   In  other  words  the  inherent 
error  is  the  result  of  replacing  an  ittiiiiit£«#i«Mfl  quantity  with  a  finite 
one.  For  this  purpose  the  error  ^  was  assumed  to  take  the  form 

Extrapolation  was  achieved  by  solving  simultaneously  for  K.  six  equa- 
tions of  the  form 

where 

K  a  the  computed  buckling  coefficient  for  a  given  choice  of 

mesh 

K.  "   the  extrapolated  value  of  the  buckling  coefficient 

K^jK^^L  ,K_,K^  =  constants 

H  *  the  length  of  the  mesh  used 

X  s  the  width  of  the  mesh 

y 

A  more  detailed  discussion  of  the  estimate  of  the  error  and  extra- 
polation for  the  buckling  coefficient  is  given  in  Appendix  I. 

3.   Cases  Considered. 

Several  problems  in  plate  buckling  with  known  solutions  were  solved 
using  the  program  in  order  to  compare  the  results  that  were  obtained 
with  it.  The  discussion  below  will  indicate  the  extent  of  agreement  with 

11 


previous  solutions.  All  cases  will  be  discussed  with  reference  to  tables 
which  are  the  final  output  of  the  program.   Tables  I -VII  may  be  found  at 
the  end  of  this  section  on  pages  21-27,.   The  Information  provided  by  the 
tables  Is 

Aspect  Ratio  =  length/width 

K.  =  extrapolated  value  of  the  buckling  coefficient. 

K_,K^,K,  ,K_,K,  =  constants  calculated  for  correcting  K. 

K  =  the  computed  value  of  the  buckling  coefficient 

K      ^  ,  =  corrected  value  of  K. 
corrected 

K,  and  K      ^  ,  should  agree  very  closely  If  round-off  errors  are 
1     corrected        &  j  j 

not  excessive  since  they  are  both  based  on  the  same  equations.  All 
quantities  are  dlmenslonless. 

The  analytical  solutions  to  the  problems  that  were  considered  were 
cast  In  the  form 

N    =  K'  rr^D/b^ 

cr 
where 

b  =  width  of  jthe  plate 

K'  "  a  dlmenslonless  constant 

In  the  program  K  was  computed  when  the  above  formula  Is  written  In  the 

form 

N   =  KD/b^ 
cr 

2 

Comparison  of  solutions  will  be  made  between  K.  and  K'TT*  . 

CASE  I.   Simply  Supported  Plate  Under  Uniform  Compression  In  the  X- 
Direction. 
For  this  case  the  common  parameter  Is  N  ==  N  so  that 

F  =  1 

X 

12 


F  «  F   -  0 
y    xy 

The  formula  for  the  crlclcal  load  of  rectangular  plates  with  aspect 

3 
ratio  -  a/b  where  a  Is  the  length  of  the  plate  and  b  Is  Its  width  Is 

2. 

<^^       —^  Kb         a. ) 

For  a/b  »  3/4  we  have 

N       =  42.836826  D/b^ 
cr 

Entering  Table  I  we  get 

K^  =  42.836819 
Comparing  this  with  the  coefficient  of  the  theoretical  critical  load 
we  get  a 

Difference  =  .000016% 
This  small  difference  substantiates  the  form  of  the  extrapolation  formula 
assumed. 

That  the  finite  difference  solution  is  accurate  in  this  case  may  be 
shown  also  by  considering  the  eigenvectors  using  the  set  of  points  when 
there  are  10  divisions  in  the  x-dlrection  and  12  divisions  in  the  y- 

dlrectlon.   It  is  known  that  the  deflection  surface  of  the  buckled  plate 

4 
may  be  represented  by  the  equation 

w  »  a-.  sin(^/a)  sin(^5^|i)  (4) 

where 

a..  -  constant 
Referring  to  the  figure  in  Table  I  and  setting  the  deflection  w.  =  1  at 
point  H'l,   a.,   can  be  determined.  We  get 

a^j  =  12.503206 

^Ibid.,  p. 353. 

Sbid.,  p.  327.  j^3 


With  a  .  known  we  get  for  point  #46 

w,,  =  12.503206 
46 

The  computer  solution  for  the  eigenvectors  gives  for  point  #46 

w,,,  computer  =  12.502909 
Comparing  the  values  obtained  we  have 

Difference  =  .0023% 


CASE  II-   Simply  Supported  Plate  Sub.iected  to  Pure  Bending. 

The  figure  in  Table  II  shows  the  plate  under  pure  bending  load. 
The  parameter  chosen  is  the  maximum  stress  designated  as  N  in  the  figure 
so  that 

F  =  1  -  2y/b 

X 

F  =  0 

y 

F   »  0 
xy 

The  solution  to  this  problem  using  three  equations  of  an  infinite  set 

5 


is  given  by  Timoshenko  as' 

N   =  24.1Tr^D/b^ 
cr 

"  239  D/b^ 
Entering  Table  II  we  get  for  an  extrapolated  value  of  the  buckling  co- 
efficient 

K^  =  238 
Comparing  this  with  the  constant  for  the  critical  load  we  get  a 

Difference  =  .4%  \ 


^Ibid.,  p. 377. 
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CASE  III.   Simply  Supported  Plate  Under  Compressive  Load  Varying 
Linearly  in  the  Direction  of  Loading. 
Referring  to  the  figure  in  Table  III  and  choosing  N  as  the  common 
parameter  we  have 

P  =  2x/»; 

X 

F  »  0 

y 

F   =  2y/a  -  b/a 
xy 

The  solution  to  this  by  Libove  et.  al.  using  matrix  iteration  methods 

on  the  matrix  obtained  from  replacing  an  infinite  set  of  equations  is 

N   =  2.92  TT^D/b^ 
cr 

=28.8  D/b^ 
Going  to  Table  III  we  get  for  a  coefficient 

K^  =  27.9 
A  comparison  between  the  two  coefficients  gives  a 

Difference  =  3% 
This  difference  is  very  much  greater  than  for  the  other  cases  that  have 
been  considered.  This  may  be  due  to  the  presence  of  shear  stress  whose 
effects  are  discussed  in  the  next  case. 

CASE  IV.   Simply  Supported  Plate  Subjected  to  Pure  Shear. 

In  Table  IV  is  shown  a  plate  with  aspect  ratio  a/b  =2.5  subjected 

to  pure  shear.  For  this  case  the  common  parameter  is  N  =  N   which  gives 

the  following: 

F  =  F  =  0 
X    y 

Libove,  C. ,  S.  Ferdman,  and  J.  J.  Reusch,   "Elastic  Buckling  of  a 
Simply  Supported  Plate  Under  a  Compressive  Stress  that  Varies  Linearly 
in  the  Direction  of  Loading",  NACA  TN  no.  1891,  p.  18,  (1949). 

15 


F   =1 
xy 

Timoshenko  and  Gere  obtained  the  solution  to  this  problem  by  replacing 
an  infinite  set  of  equations  with  five  equations  and  equating  to  zero 
their  determinant.  This  gave  a  result  of 

N  =  e.iirVb^ 

cr 

=  60  D/b^ 

Going  into  Table  IV  we  get  a  coefficient 

K^  =  60 
On  the  basis  of  the  available  significant  figures  in  the  published  value, 
the  solutions  have  a 

Difference  =»  0% 
It  will  be  noted  that  only  three  computed  values  are  presented  in  Table 
IV.   Originally  six  computed  values  of  the  buckling  coefficient  were 
usedo   These  values  indicated  that  the  true  buckling  coefficient  had  a 
value  lower  than  that  obtained  with  the  grid  choice  that  gave  the  greatest 
nimiber  of  interior  nodes.  The  extrapolated  coefficient  had  a  'V'ilue  that 
was  practically  twice  the  value  of  any  of  the  six  results  -  which  made 
it  hard  to  accept  as  correct.  An  examination  of  the  eigenvalue  sub- 
routine output  revealed  that  the  traces  of  the  C -matrices  for  two  grid 
choices  were  non-zero.  This  is  contrary  to  what  is  expected  for  this 
case  according  to  theory  which  will  not  be  discussed  here.  For  another 
grid  choice  it  was  found  that  the  iteration  for  the  eigenvalue  had  not 
converged.  The  three  computed  buckling  coefficients  based  on  these  grid 
choices  were  all  deemed  unreliable.  As  a  remedy  to  the  situation,  the 


Timoshenko,  S.  P.  and  J.  M.  Gere,  loc.  cit.,  p.  382. 
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extrapolation  formula  was  used  with  only  the  second  mdmt  \  »>HM','„   - 
This  required  only  three  separate  results,  which  were  available.  It 
will  be  noted  that  the  extrapolation  gives  adequate  accuracy  £or  2- 
signi£icant- figure -comparison. 

In  Case  III  where  shear  is  combined  with  compressive  stress  the 
effect  of  shear  is  made  evident  in  the  extrapolated  value  of  the  buck- 
ling coefficient  which  is  closest  to  the  computed  value  using  the  coars- 
est mesh.  The  traces  and  eigenvalues  do  not  give  enough  information  to 
use  as  a  basis  for  discarding  any  data  as  unreliable.  However,  discard- 
ing the  result  for  the  coarsest  mesh  and  extrapolating  without  the 

2  2 
H  H   term  gives  a  value  K.  =  28.6  which  compares  with  the  published 

value  to  an  agreement  of  .7%. 

CASE  V.   Clamped  Plate  Under  Uniform  Compression. 

This  is  the  same  problem  treated  in  Case  I  with  the  edge  condition 
changed.  All  the  stresses  except  N  will  be  zero.  S.  Levy  gave  a  solu- 
tion to  this  problem  based  on  an  asymptotic  approximation  for  an  In- 

Q 

finite  determinant.   He  cited  other  values  that  compared  to  his  solu- 
tion by  2-9%.  He  gives 

N   =  11.659lTD^/b^ 
cr 

=  115.07  D/b^ 
The  computer  solution  to  this  problem,  from  Table  V,  gives  a  coefficient 
of 

K^  =  115.41 
Comparing  solutions  we  have  a 

Difference  =  .3% 


Q 

Levy,  S.,   "Buckling  of  Rectangular  Plates  With  Built-in  Edges", 
Journal  of  Applied  Mechanics.  Vol.  9,  pp.  A171-A174,  (1942). 
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CASE  VI.   Square  Plate  With  Clamped  Edges  Subjected  to  Hydrostatic 

Compression  and  Constant  Shear. 

Taking  the  shear  force  as  the  common  parameter  we  have 

F  =  F  =1.5 
X    y 

F   =1 
xy 

9 
The  published  value  of  the  buckling  coefficient  is 

N   =  3.24Tr^D/b^ 
cr 

=  32.0  D/b^ 
Table  VI  gives  the  computer  solution  to  this  problem  as  having  a  co- 
efficient of 

K.  =  32.3 
A  comparison  between  coefficients  gives  a 

Difference  =  .9% 

CASE  VII.  Clamped  Plate  Subjected  to  Pure  Shear. 

In  this  problem  all  the  stresses  are  zero  except  shear  so  that 

F  =  F  =  0 
X    y 

F   =1 
xy 

and  the  common  parameter  is  the  shear  force  itself.   Interpolating  from 

curves  drawn  by  B.  Budiansky  and  R.  Coimor  in  their  solution  to  the  same 

problem  we  obtain 

N   =  9.9'n'Vb^ 
cr 

=  97  D/b^ 

9 

Timoshenko,  S.  P.  and  J.  M.  Gere,  loc.  cit.,  p.  386. 

Budiansky,  B.  and  R.  W.  Connor,   "Buckling  Stresses  of  Clamped 
Rectangular  Flat  Plates  in  Shear".   NACA  TN  No.  1559,  p.  10,  (1948). 

18 


Going  into  Table  VII  we  obtain  for  a  computer  solution  a  coefficient  of 

K  =  96 
A  comparison  between  the  computer  solution  and  the  value  obtained  from 
the  curves  gives  a 

Difference  ■  17,  ' 

4.   Conclusions  and  Recommendations. 

This  program  is  capable  of  solving  a  variety  of  problems  in  buck- 
ling of  rectangular  plates  that  have  simply  supported  or  clamped  edges. 
In  the  only  case  where  an  exact  solution  was  available  the  extrapolated 
value  of  the  buckling  coefficient  agreed  with  it  to  within  .000016%.  In 
other  cases  considered  it  was  demonstrated  that  the  solutions  obtained 
using  the  program  compare  very  closely  to  published  solutions. 

The  information  provided  by  the  program  output  is  considered  ade- 
quate. The  trace  of  the  C -matrix  was  found  useful,  as  exemplified  in 
the  cases  solved  involving  pure  shear.   In  any  problem,  the  computed 
buckling  coefficients  give  the  user  a  rough  idea  of  what  the  magnitude 
of  the  extrapolated  buckling  coefficient  K^  should  be.  This  was  put  to 
use  in  all  the  cases  considered  where  shear  stress  was  involved.   It  will 
be  profitable  to  evaluate  the  reliability  of  a  result  by  studying  the 
iterates  and  number  of  iterations  which  are  part  of  the  eigenvalue  sub- 
routine output.   If  there  are  16  iterations  there  is  a  possibility  that 
the  iteration  has  not  converged.   In  this  event  the  user  should  examine 
the  iterates  closely. 

Of  the  many  edge  conditions  involved  in  problems  of  plate  buckling, 
only  two  were  considered.   The  program  will  prove  more  useful  if  this 
feature  is  extended  to  other  combinations. 

19 


It  is  felt  that  the  treatment  of  problems  involving  shear  is  in- 
adequate. A  square  plate  subjected  to  hydrostatic  pressure  was  divided 
into  6  divisions  in  the  x-direction  and  12  divisions  in  the  y-direction. 
It  was  observed  that  the  trace  of  the  C-matrix  for  such  a  grid  choice 
agreed  to  the  9th  significant  figure  with  the  trace  of  the  C-matrix  when 
the  order  of  dividing  the  plate  was  reversed,  i.e.,  12  divisions  in  the 
x-direction  and  6  divisions  in  the  y-direction. 

For  a  square  plate  subjected  to  hydrostatic  pressure  and  shear  the 
agreement  is  only  up  to  the  3rd  significant  figure.  It  is  evidmt  that 
such  a  behaviour  is  due  to  shear,  but  the  explanation  has  not  been  found. 

The  method  of  approximating  the  partial  derivatives  on  the  right 
side  of  the  governing  equation  effectively  required  the  use  of  a  mesh 
twice  the  size  of  the  selected  mesh  as  far  as  the  mixed  partial  deriva- 
tive term  is  concerned.   Since  it  is  this  term  that  is  associated  with 
shear,  it  might  be  one  reason  for  the  strange  behaviour  of  the  program 
when  shear  is  involved.   It  is  possible  that  the  method  suggested  in  Ap- 
pendix I  of  using  Green's  Theorem  to  approximate  the  right  side  of  the 
governing  partial  differential  equation  will  remedy  the  difficulty  en- 
countered with  shear.  This  method  also  makes  it  possible  to  make  the 
C-matrix  symmetric  and,  as  a  consequence,  the  problem  of  slow  convergence 
may  also  be  solved,  since  there  are  many  eigenvalue  subroutines  which 
can  handle  symmetric  matrices  effectively. 
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APPENDIX  I 
MATHEMATICAL  DEVELOPMENTS 

I-   Finite  Difference  Approximations. 

The  partial  differential  equation  to  be  approximate  is 

D  V  '^x^         ^^y^.  au^i 


^^^ 


where 

I -A.   Simply  Supported  Case. 

The  boundary  conditions  at  all  edges  of  the  plate  are 

w  =  0 

V^  w  =  0 

2 
where  we  define  ^  as  the  Laplaclan  operator  which  is 


V   =  ^ 


4- 


9t 


(i-i) 


(1-2) 
(1-3) 


y  in  two  dimensions. 

Since  it  is  known  that  the  values  of  w  =  0  at  the  boundaries  by  virtue 
of  B.C.  (1-2)  and,  since  we  need  only  as  many  equations  as  there  are  un- 
known!, only  equations  for  interior  points  need  be  written. 


Fig.  I-l 
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2 
The  left  side  of  Eqn.  I-l  may  be  approximated  easily  once   y  w  is 

obtained.   This  is  done  with  reference  to  Fig.  I-l.   Let  the  numbered 

points  be  the  mesh  nodes  when  the  plate  is  divided  into  meshes  with  the 

mesh  sides  of  length  H  and  H  .   At  point  #0  using  the  conventional 

method  of  approximating  the  partial  derivative  we  have 

d  W     -       vV/y     \-  \N-2_^     -  2  Wo  (1-4) 

2 

'^  sN  n      W|     4-  na;^    -  2\s/o  (1-5) 

v^w.  =-VTr  (1^'"''^*)%  +K-^^4W --^^of^  ^i!^n  (1-6) 

An  examination  of  Eqn.  1-6  shows  that  for  a  given  point  on  the  plate, 

2 
four  other  points  will  be  involved  in  writing  the  equation  for  vr  w. 

The  deflection  w,  at  each  point  will  have  the  following  coefficients 

when  1/(H  H  )  remains  factored  out: 
^  X  y 

a  =  a  =  -B^ 
^1   ^3     Hy 

a  -  a,  =  J^ 
2    4     ^^ 

^0  '  "  ^1  "  ^2  "  ^3  "  ^4  ^^"^^ 

When  one  of  the  points  involved  (other  than  point  #0)  lies  on  a 

boundary,  a  slight  modification  in  obtaining  the  coefficients  must  be 
performed.   If  in  Fig.  I-l  point  #4  lies  on  the  boundary,  its  contribu- 
tion in  Eqn.  1-7  for  the  point  #0  is  still  included,  but  a,  will  not  ap- 
pear in  the  A-matrix  and  w,  is  not  used  in  assembling  the  deflection 
vector.  We  have  seen  that         ! 

Hy  V\y     \  J 
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In  general,  for  n  mesh  points,  Eqn.  1-8  may  be  written  as 


where 


7  w  -  Aw  (1-9) 


A  *  an  n  X  n  symmetric  matrix 

w  a  a  column  vector  of  lateral  deflections  at  Interior 
nodes  of  the  plate. 


For  a  square  mesh  the  deflection  coefficients  will  be 


a^  =  l 

a  =  -4 
o 


1,2,3,4 


Matrix  A  Is  easily  assembled  If  we  use  the  five-point  cross  for  the  co- 
efficients as  Illustrated  In  Fig.  1-2.  The  number  on  each  node  represents 
the  coefficient  of  w  at  that  node. 


® 

(i>-e>— o 


Fig.  1-2 

2  4 

Having  obtained  V  w  we  are  now  ready  to  approximate  V  ^*  "^^ 


q. 

get   y  w  we  simply  operate  on  Eqn.  1-9  so  that 

V*w  =  V^(v''vv)  =  A  (Aw)  =  A^w 


(I-IO) 


It  should  be  noted  that  y  w  was  formulated  under  the  condition  that  w  »  0 

4  2 

at  the  boundaries  and  rvw  was  formulated  under  the  condition  that  y  w 


0  at  the  boundaries  also. 
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It  has  been  shown  that  only  \/  w  need  be  developed  to  obtain  y^\r. 
The  scheme  used  to  write  down  the  matrix  for  y  w  will  be  discussed  next. 
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Fig.  1-3 
Let  the  mesh  nodes  be  numbered  in  the  manner  shown  in  Fig.  1-3   , 
where  two  adjacent  horizontal  mesh  lines  are  taken  as  a  pair  and  each  node 
on  the  lines  is  numbered  alternating  between  the  two  lines.   If  we  write 
down  the  approximations  to  Eqn.  1-4  for  each  point  on  the  plate  in  the 
sequence  that  they  are  numbered  in  Fig.  1-3,  using  a  square  mesh  a  co- 
efficient matrix  such  as  shown  in  Fig.  1-7  results.   This  is  the  matrix 

2 
that  must  be  multiplied  by  itself  to  get  the  coefficient  matrix  A  for 

4 
V  w.   If  we  write  the  equation  for  a  given  point  i  the  deflection  coef- 
ficient will  lie  in  the  ith  row  and  in  the  ith  column.   The  other  points 
involved  in  the  equation  for  point  i  will  have  a  deflection  coefficient 
lying  in  the  ith  row  and  in  columns  bearing  their  respective  numbers. 
Thus  it  is  easy  to  locate  the  deflection  coefficient  of  any  point.   In 


The  scheme  is  based  on  the  work  of  Griffin,  D.  S.  and  R.  S.  Varga 
in  their  paper  "Numerical  Solution  of  Plane  Elasticity  Problems",  J. 
Industrial  and  Applied  Math..  Vol.  11,  pp.  1046-1061,  (1963). 
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Fig.  1-7  which  was  assembled  using  a  square  mesh,  the  deflection  at  point 
4  will  have  a  coefficient  of  -4  In  row  4,  column  4.  Points  2,3,6,  and  15 
will  have  deflection  coefficients  equal  to  1  in  the  same  row  and  lying  in 

columns  2,3,6,  and  15,  respectively. 

4 
Squaring  matrix  A  we  will  get  the  matrix  for  y w  which  Is  illustrat- 
ed in  Fig.  1-8.   It  is  now  simple  to  check  this  matrix.   If  we  follow  the 

same  procedure  of  locating  the  elements  in  any  row  it  can  be  verified 

2 
that  the  matrix  A  which  was  assembled  for  a  square  mesh  agrees  with  the 

4 
matrix  formed  using  the  13-polnt  star  to  approximate  ^w  for  a  square 

mesh.   This  star  is  illustrated  in  Fig.  1-4  which  shows  the  deflection 

coefficient  for  each  point. 


Fig.  1-4 
This  completes  the  approximation  to  the  left  side  of  the  governing  partial 
differential  equation. 

Approximations  of  the  Right  Side  of  Eqn.  I-l. 

The  first  attempt  to  approximate  the  right  side  of  Eqn.  I-l  was  to 
apply  Green's  Theorem  to  the  Integrals 
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Applying  the  theorem  will  result  in  a  symmetric  coefficient  matrix  B. 

2 
Since  A  and  A  are  symmetric,  we  may  then  deal  only  with  symmetric 

matrices.   The  C -matrix  can  be  made  symmetric  also  by  the  following  steps. 

2 
Aw*  kBw 

A(Aw)  =  kBA"^(Aw) 

Aw'  =  kBA'^w' 

w'  =  kA"-^BA"^w' 

w'  =  kCw' 
where 

w*  =  Aw 
and  C  =  A  BA     which  is  symmetric  if  B  is 

symmetric.   A  symmetric  C -matrix  is  advantageous  because  less  storage  is 
required  by  the  digital  computer  program  and  there  is  a  wide  choice  of 
dependable  subroutines  for  finding  the  eigenvalues  of  a  symmetric  matrix. 
However,  a  symmetric  B-matrix  can  be  obtained  only  with  the  use  of  stresses 
at  intermediate  points  between  nodes.   The  resulting  matrix  will  be  more 
intricate  and  programming  more  elaborate  since  a  problem  in  "bookkeeping" 
arises  from  the  use  of  stresses  at  points  other  than  at  the  point  under 
consideration.   For  these  reasons  a  direct  approximation  to  each  term  in 
the  right  side  of  Eqn.  I-l  was  taken  using  the  classical  method  of  ap- 
proximating the  slope  at  a  given  point. 
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? 


4 


7 


Fig.  1-5 

Using  Fig.  1-5  and  remembering  that  H  and  H  are  constant  throughout  the 

X      y 

entire  plate,  the  right  side  of  Eqn.  1-7  may  be  approximated  term  by  term 
in  the  following  manner: 

_    Wo  -^^z. 


W;< 


) 


3x^      M 


(I-ll) 


similarly 


Klu      f  nA/,    +^^    -   2  NMo  ] 


^:5^ 


(1-12) 


For  the  mixed  partial  derivative 


Wq  -\n 


l) 


(ws  -VAJ<J,) 


3  w  'A  -_i 
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For  the  purpose  of  programming,  1/(H  H  )  was  factored  out  as  in  the  de- 

X  y 

velopment  for  A.  Combining  Eqns.  I-ll,  1-12  and  1-13  and  remembering  that 

N  ,  N  ,  and  N   are  expressed  in  terms  of  TT  and  F  ,  F  ,  and  F   we  obtain 
X   y      xy  X   y      xy 

Right  Side  =   ^  ^y-  (^4  .vy^-2Wo)y^  R,  (w,fW3  .lsA/o)^+^(^«^^W^-W7-W5)J 

The  coefficient  of  w  at  each  node  involved  may  be  summarized  into 

b-  =  -2(F  H  /H  +  F  H  /H  ) 

0  xyx    yxy' 

b,  =  b-  =  F  H  /H 

1  3    y  X  y 

b«  =  b,  =  F  H  /H 

2  4    x  y'  « 

be  =  b_  =  -  F  /2 

5  7     xy 

b  =  b  =  F  /2 

6  8    xy 

It  has  been  shown  that  the  right  side  of  Eqn.  I-l  may  be  written  in 
the  form 


Right  Side  =  _L_(i^,W,^i?^W2.AWi+^W4  ^-bgSAi^ 


PHy(j3 


In  general,  for  n  interior  mesh  nodes  we  will  have  the  matrix  equation 

Right  side  =  kBw 
36 


where 

B  =  an  n  X  n  coefficient  matrix 

k  =  N/D 
An  example  of  matrix  B  is  shown  in  Fig.  1-9.  This  corresponds  to  the 
plate  illustrated  in  Fig.  1-8.  The  loading  is 

F  »  F  »  -1 
X    y 

F   -  2 
xy 

The  common  parameter  in  this  case  1n  =  -N  =  -  N  .   This  completes  the 
approximation  to  the  right  side  of  Eqn  I-l. 

It  will  be  noted  that  the  pairing  of  mesh  lines  in  Fig.  1-3  depends 
on  the  divisions  only  in  the  y-direction.   It  is  readily  seen  that  the 
matrices  will  be  different  for  an  odd  number  than  for  an  even  number  of 
divisions  along  the  y-direction.  The  matrices  for  a  plate  divided  into  an 
even  number  of  divisions  along  the  y-direction  have  been  illustrated  in 
Figs.  1-7,  1-8,  and  1-9.  Figs.  I-IO,  I-ll,  and  1-12  illustrate  the 
respective  matrices  for  an  odd  number  of  divisions  in  the  y-direction. 

Symmetrical  Cases 

There  are  cases  where  the  load  and  deflection  are  symmetrical  with 
respect  to  the  geometric  axes  of  S3nnmetry  of  the  plate.  When  this  is 
known  (or  shown  by  eigenvectors  obtained  using  the  whole  plate)  we  may 
choose  to  use  only  one  quadrant  of  the  plate.  This  allows  use  of  a 
finer  mesh  without  a  corresponding  increase  in  computer  storage  require- 
ments.  It  is  the  intention  here  that  only  the  case  when  the  midpoint  of 
the  plate  has  the  maximum  deflection  will  be  handled  by  the  program.  How- 
ever, where  the  buckled  surface  assumes  a  complete  cycle  of  a  sine  curve, 
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say  in  the  x-direction,  then  one-half  of  the  plate  may  be  considered  and 
if  it  satisfies  the  conditions  of  symmetry  as  described  previously,  a 
quarter  of  this  may  be  chosen  for  the  program  to  handle. 

The  procedure  for  assembling  the  matrices  for  a  quadrant  of  a  plate 
is  the  same  as  in  the  preceding  section  with  the  following  modification. 
The  whole  plate  is  always  divided  so  that  the  horizontal  and  vertical 
axes  of  symmetry  are  taken  as  mesh  lines.   Going  back  to  Fig.  1-5,  suppose 
that  points  0^1,  and  3  are  lying  on  the  line  of  symmetry  and  points  2^5, 
and  6  are  in  the  quadrant  being  analyzed.   The  coefficients  a. ,  a_  and  a. 
are  computed  as  before  but  a-,  a_,  and  a,  are  now  doubled  since  the  follow- 
ing  conditions  obtain: 

^5  '  ^8  ^5  "  ^8 

^2  '  ^  ^2  '  \ 

Points  8,  4,  and  7  are  not  used  in  assembling  the  matrix.   Squaring  A 

2 
does  not  give  a  symmetric  matrix.   To  make  A  symmetric  it  has  to  be 

premultiplled  by  a  diagonal  matrix  whose  elements  are  proportional  to 

the  areas  of  the  mesh  regions  associated  with  the  corresponding  matrix 

2 
rows.   This  matrix  may  be  designated  as  A.   and  is  used  for  obtaining 

matrix  C  for  the  quarter  plate. 

The  procedure  described  also  holds  equally  well  for  the  right  hand 

side  of  the  governing  equation.   B^  is  obtained  after  multiplying  matrix 

B  generated  for  the  quadrant  of  the  plate  with  the  diagonal  matrix  used 

2 
in  obtaining  A.  . 
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I'B.  Clamped  Edges. 

The  boundary  conditions  at  all  edges  are 

w  »  0 
^w  «  0 
^w  «  0 


(1-14) 
(1-15) 
(1-16) 


Approximation  of  the  Left  Side  of  Eqn.  I-l. 

Returning  to  the  developments  in  the  case  of  simply  supported  edges, 
it  can  be  demonstrated  that  the  development  of  A  still  holds.   Since  the 

first  boundary  condition  for  both  cases  is  the  same  and  since  it  is  the 

2 
only  boundary  condition  used  to  assemble  the  coefficient  matrix  for  v^» 

the  matrices  will  be  identical  for  both  edge  conditions.   In  assembling 

4 
the  coefficient  matrix  for  ^w  it  will  be  necessary  to  take  into  account 

2 
that   S7W  is  nonzero  on  the  boundaries.   In  Fig.  1-6  we  have 


h 


ik. 


1 
o 


--4- 


Fig.  1-6 


V^^O 


lixUi 


wy. 
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(1-17) 


Applying  the  conditions  that  at  the  right  edge 


and 


w  —  w  3  w  *  0 
0    1    3 


w-  =  w  by  virtue  of  B.C.  1-15 


II  O  2 

When  we  take  y  w  by  operating  on  Eqn.  1-7  there  will  be  a  term  in  y  w.. 

which  is  nonzero  (unlike  the  case  of  the  simply  tfjpported  plate).   The 

coefficient  of  the  term  will  be  the  correction  necessary  to  convert  the 

matrix  for  simply  supported  plate  Into  that  of  a  clamped  plate.   This 

correction  will  be  of  the  form 


4 


correction 

'IX 


M:^ 


}MyMu  W 


=  2/H 

X 

Excluding  the  "comer"  points,  the  correction  above  is  good  for  all 
points  adjacent  to  the  right  and  left  edges  of  the  plate.   For  points 
adjacent  to  the  top  and  bottom  edges  of  the  plate  the  correction  will  be 

,,    =  2/H  ^ 
correction       y 

For  the  "comer"  points  there  will  be  a  contribution  from  points 
lying  on  the  boundaries  in  both  directions  so  that  the  correction  term 
will  be  a  combination  of  the  corrections  above  or 

Correction  "  ^d/H^*  +  1/H  *) 


In  terms  of  the  matrices 


where 


2  2 

A  ,  clamped  =  A  ,  simply  supported  +  A       , 

correction 


A^  ^  uj       =nxn  diagonal  matrix  of  correction  terms, 
correction 
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2 
Fig.  1-13  illustrates  the  coefficient  matrix  for  A  using  even  numbers 

of  divisions  along  the  width  of  a  clamped  plate. 
Approximation  of  the  Right  Side  of  Eqn.  I-l. 

It  has  been  noted  that  the  simply  supported  plate  and  the  clamped 
plate  had  zero  deflections  along  the  boundaries.  This  leads  to  the  con- 
clusion that  the  assembly  of  matrix  B  for  a  clamped  plate  will  be  exactly 
the  same  as  for  the  simply  supported  plate. 

Estimate  of  the  Error. 

The  finite  difference  method  of  solving  a  partial  differential  equa- 
tion carries  with  it  an  inherent  error  resulting  from  the  replacement  of 
an  infinitesimal  quantity  with  one  that  is  finite.  To  get  a  satisfactory 
answer  the  use  of  a  considerable  number  of  interior  points  will  be  neces- 
sary. When  this  is  not  a  possibility  one  may  use  some  form  of  extra- 
polation formula  to  get  a  good  approximation  to  the  real  solution. 

There  were  two  schemes  tried  to  evaluate  the  error  resulting  from 
the  finite  difference  approximations  to  Eqn.  I-l.  The  first  was  to 
assume  that  the  error  took  the  form 

where  ^  =  the  error 

C,,C-,  n  ,  n  =  constants 
1'  2   x'  y 

The  calculated  and  extrapolated  values  of  the  buckling  coefficient  then 
have  the  relationship 


where 


K,,  -  k,  ^  C,  W^""  ^  C2.  V\j^-^ 


K  =  computed  buckling  coefficient 

K^  =  the  extrapolated  buckling  coefficient 
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For  five  computed  values  of  K  the  extrapolated  value  K.  of  the  buckling 
coefficient  can  be  found.  This  has  been  done  and,  while  the  results  were 
not  very  far  from  those  obtained  analytically,  the  method  which  will  be 

described  below  was  found  to  give  better  results. 

12  4 

It  has  been  shown   that  the  error  in  approximating  V  w  with  finite 


differences  using  a  square  mesh  can  be  expressed  as 

where 

K-,  K-,....K  "  constants 
2   3      n 

H  =  length  and  width  of  the  mesh  used. 

13 
It  has  been  shown   also  that  the  same  form  of  expression  holds  true  for 

2 
xt   w.  The  difference  between  the  two  will  lie  only  in  the  constants. 

4        2 
While  such  an  expression  applies  only  to  -^  w  and   r7w  it  is  reasonable 

to  expect  that  the  error  for  the  governing  partial  differential  equa- 
tion will  vary  with  even  powers  of  the  mesh  sides  because  of  its  form 

2       4 
which  is  practically  a  combination  of  rj^w  and  T7w.   It  will  be  assumed 

that  the  error  will  vary  according  to: 

The  relationship  between  the  computed  buckling  coefficient  and  the  extra- 
polated value  will  again  take  a  form  similar  to  Eqn.  1-19.  For  six 
computed  values  of  K  the  extrapolated  value  K.  of  the  buckling  coef- 
ficient can  be  determined. 


12 

Kantorovich,  L.  V.  and  V.  I.  Krylov,  Approximate  Methods  of 

Higher  Analysis  (New  York:   Interscience  Publishers,  1958),  p.  196. 

13 

Scarborough,  J.  B.,   Numerical  Mathematical  Analysis,  (Baltimore: 

The  Johns  Hopkins  Press,  1962),  p.  399. 
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APPENDIX  II 
DESCRIPTION  OF  THE  PROGRAM 

II -A.  The  Main  Program. 

The  main  program  follows  closely  the  developments  in  Appendix  I. 
Because  of  the  regular  pattern  of  the  matrices  resulting  from  the  scheme 
of  numbering  the  mesh  nodes,  the  program  was  developed  for  variable  orders 
of  matrices  whose  forms  depend  on  the  number  of  interior  mesh  nodes  used 
and  the  number  of  divisions  in  the  y-direction  (whether  they  are  odd  or 
even).   The  position  of  the  elements  along  lines  parallel  to  the  main 
diagonal  followed  simple  arithmetic  regularity  so  that  the  generation  of 
the  elements  was  in  terms  of  the  diagonals  they  belonged  to. 

Matrix  A  was  shown  to  be  sjmimetrlcal.  This  made  it  possible  to 
generate  the  elements  diagonally  opposite  across  the  main  diagonal  at 
the  same  time.  This  is  not  true  in  the  case  of  matrix  B  because  of  the 
method  in  approximating  it. 

The  program  follows  the  steps  enumerated  below.   It  is  summarized  in 
a  general  flow  chart  of  the  program  on  page  52. 

1.  Generate  A 

2.  Square  A 

2 

3.  Correct! "A     if  the  plate  is5i  clamped    . 

2 

4.  Correct  A.  if  lines  of  symmetry  are  used 

2 

5.  Invert  A 

6.  Generate  matrix  B 

7.  Correct  B  if  lines  of  symmetry  are  used 

8.  Calculate  C  =  A'^B 
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9.  Find  the  eigenvalue  of  C 

10.  Compute  the  buckling  coefficient  K 

11.  Repeat  all  of  the  above  to  get  enough  K's  for 
extrapolation 

12.  Extrapolate 

13.  Get  eigenvectors  if  desired 

II -B.   Subroutines 

Subroutine  MATALG  -  This  is  available  as  a  mathematical  subroutine 
at  the  USNP6S  Computer  Facility.   It  has  two  options  that  suit  the  re- 
quirements of  the  main  program.   The  first  option  is  needed  to  invert 

2 
the  matrix  A  .  The  second  option  is  used  to  solve  the  simultaneous 

equations  to  get  the  eigenvectors  if  desired,  and  to  solve  the  correction 
equations  to  obtain  K. ,K-,  K^,K,,K  ,K,,  and  K        ,.  This  subroutine 
is  capable  of  providing  an  inverted  matrix  accurate  to  at  least  9  signi- 
ficant decimal  digits. 

Subroutine  EIG3-  This  subroutine  is  also  available  as  a  mathematical 
subroutine.   It  is  used  to  evaluate  the  eigenvalues  for  the  matrix  C. 
Since  it  does  not  solve  for  the  eigenvectors,  subroutine  MATALG  is  called 
to  provide  them.  The  mathematical  methods  applied  in  this  subroutine  are 
discussed  extensively  in  Ref.  6  . 
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APPENDIX  III 
INSTRUCTIONS  ON  THE  USAGE  OF  THE  PROGRAM 

General. 

The  program  is  written  in  Fortran  60  (F-60) .  However,  it  is  used 
as  an  F-63  program  for  three  reasons.  First,  extra  storage  is  obtained 
with  the  use  of  control  cards  "RELOCOM"  and  "EXECUTER".   Second,  the 
variable  dimensioning  feature  is  necessary  to  get  enough  computed  values 
of  the  buckling  coefficient  for  different  mesh  sizes  for  the  purpose  of 
extrapolation.  Third,  the  time  for  compilation  and  execution  is  reduced 
with  the  use  of  binary  decks.   It  may  be  noted  that  one  minute  is  saved 
when  a  listing  for  the  program  is  not  called  for. 

III-A.   Purpose. 

Program  Buckle  was  written  to  compute  the  initial  buckling  load  of 
rectangular  plates  and,  if  desired,  to  find  the  relative  deflections  of 
point  on  the  plate  at  the  start  of  buckling.  This  program  is  limited  to 
plates  with  edges  that  are  simply  supported  or  to  plates  with  clamped 
edges. 

III-B.   Input  Requirements. 

It  is  assumed  that  the  stresses  at  every  mesh  node  are  known  and 
stored  as  one  dimensional  arrays  in  XFORCE,  FY,  and  FXY  (these  corres- 
pond to  P  ,  F  ,  and  F   ,  respectively) .   In  the  sample  program,  the 
computation  of  the  stresses  was  incorporated  as  part  of  the  main  pro- 
gram. This  part  can  be  removed  completely  and  introduced  as  a  subprogram. 
For  one  particular  manner  of  dividing  the  plate  one  data  card  is  required. 
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The  data  card  is  divided  into  7  fields  of  four  characters  each.   These 
are  reserved  for  the  following  parameters: 

1.  Q  =  sjmmetry  parameter.  For  the  whole  plate  it  is  entered 
as  2.0.  For  a  quarter  of  the  plate  it  is  entered  as  1.0. 

2.  Clamp  ■  support  parameter.  For  a  simply  supported  plate 
it  is  entered  as  1.0.   For  clamped  plates  it  is  entered  as  2.0. 

3.  MCC  =  the  number  of  divisions  in  the  y-direction.   It  must 
be  right- justified  and  In  fixed  point.   This  may  not  be  less  than  6. 

4.  NNR  =  the  number  of  divisions  in  the  x-dlrection.   It  must 
be  right-justified  and  in  fixed  point.  This  may  not  be  less  than  6. 

5.  AS  =  the  length  of  the  plate.   It  must  be  in  floating  point. 

6.  BS  »  the  width  of  the  plate.   It  must  be  in  floating  point. 

7.  VECTOR  =  eigenvector  option  parameter.  This  is  entered  as 
1.0  when  eigenvectors  are  needed,  otherwise  any  other  positive  floating 
point  number  is  entered. 

Since  six  computed  values  of  K  are  needed  to  extrapolate  for  the 
buckling  coefficient,  six  data  cards  mutt  be  prepared.  Because  the  pro- 
gram is  limited  to  handle  a  maximum  of  99  internal  mesh  nodes  when  the 
whole  plate  is  used,  the  product  (MCC  -  1)  (NNR  -  1)  may  not  exceed  99. 

III-C.   Output  of  the  Program. 

The  program  will  have  the  following  output. 

1.  The  trace  of  the  matrix  C. 

2.  The  iterates  In  finding  the  eigenvalue  and  the  number  of 
Iterations. 

3.  The  first,  second,  and  third  derivatives  of  the  poly- 
nomial used  to  approximate  the  determinant  for  a  given  eigenvalue. 
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All  of  the  above  are  provided  by  subroutine  EIG  3. 

4.  The  extrapolated  value  o£  the  buckling  coefficient  K  .  • 

5.  The  constants  used  to  evaluate  the  error,  K.,  K^,  K. ,  K^ 

and  K, . 
6 

6.  The  number  of  divisions  In  the  x  and  y  directions. 

7.  The  computed  value  of  the  buckling  coefficient  K  for  each 
choice  of  grid. 

8.  The  corrected  values  In  (7),  K      ^  ,. 

corrected 

The  values  in  (4)  and  (8)  should  agree  very  closely  If  the  extra- 
polation Is  correct. 

9.  The  eigenvectors  are  printed  out  when  the  eigenvector  option 
Is  selected.   The  components  are  printed  out  starting  with  w.  since  w.  « 

1  In  the  program.  The  printout  reads  from  left  to  right  at  the  start 
of  every  line. 

III-D.  Cautions  to  Users. 

The  use  of  a  quarter  of  a  plate  when  the  buckling  Is  symmetrical  has 
not  been  tested  satisfactorily.  While  the  matrices  generated  using  this 
feature  of  the  program  were  found  correct,  finding  the  eigenvalues  for 
the  matrix  C  required  excessive  computer  times.  Unless  further  tests  are 
made.  It  Is  suggested  that  using  the  whole  plate  Is  a  more  reliable  feature 
of  the  program  to  use. 

When  solving  problems  with  this  program.  It  will  be  Important  to 
check  the  Iterates  and  the  number  of  Iterations  to  find  the  eigenvalue 
for  every  C-matrlx.   The  subroutine  for  finding  the  eigenvalue  was  writ- 
ten to  accept  as  an  eigenvalue  the  16th  Iterate  when  convergence  Is  slow. 
This  means  that  an  eigenvalue  which  requires  16  Iterations  to  find  is  not 
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the  true  eigenvalue  although  it  may  be  close  to  it.   The  computed  buckling 
coefficient  based  on  this  should  be  considered  unreliable. 

There  is  a  theoretical  basis  which  will  not  be  discussed  here  for 
oatt   to  expect  that  the  C-matrix  for  cases  involving  pure  shear  has  a 
trace  equal  to  zero.  Hence,  when  one  is  dealing  with  such  a  problem 
he  should  be  wary  of  data  that  is  based  on  a  C-matrix  with  a  trace  that 
is  nonzero.  For  this  purpose  a  trace  whose  absolute  value  is  equal  to 
or  less  than  1  x  10    is  considered  zero. 

When  the  above  difficulties  are  encountered,  one  may  decide  to 
change  grids  and  replace  the  unreliable  data.   It  may  be  more  expedient 
to  use  the  extrapolation  formula  with  the  fourth  order  terms  omitted  if 
enough  data  is  left  after  discarding  the  unreliable  results.   In  this 
event,  at  least  three  results  must  be  available  to  use  the  extrapolation 
formula  including  only  the  second  order  terms. 

IV-E.   Time  Requirements. 

The  program  requires  an  average  time  of  3  minutes  to  compile  and 
12  minutes  to  execute  for  a  total  of  15  minutes  running  time  to  solve  a 
problem  using  six  different  grids. 
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APPENDIX  IV 
SAMPLE  PROGRAM 
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PROGRAM  BUCKLE,  DECK  ASSEMBLY 


CONTROL  CARDS 
PROGRAM  BUCKLE 


END 

"subroutine  MATALG 


END 


subroutine  EI63 


END 

END 

FINIS 

EXECUTER. 
DATA  CARDS 
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A,B 

AS,  BS 

AA 

BB 

CLAMP 

FNCR 

FORCE 1 

PXY 

FY 

Kl 

101 
Q 

VECTOR 
XFORCE 


LIST  OF  SYMBOLS 

arrays  containing  the  elements  of  the  coefficient  matrices 

length  and  width  of  the  plate,  respectively 

H  /H 
y  X 

H  /H 
X  y 

edge  condition  parameter 

calculated  buckling  coefficient 

corrected  buckling  coefficient 

array  for  shear  stress 

array  for  stress  in  the  y-dlrection 

ntimber  of  pairs  of  horizontal  mesh  lines.   (A  single  last 
line  counts  as  a  "pair'V)i 

number  of  Interior  mesh  nodes,  also  order  of  the  matrices 

symmetry  condition  parameter 

option  parameter  for  eigenvectors 

array  for  stress  in  the  x-dlrectlon 


59 


On    ^ 

>-    — 

X  K 

U-  I 

•  X 


Hi  > 
U  I 

q:  X 
o  • 


O 


I-* 

_ 

U 

>- 

UJ 

U. 

» 

>-H 

q: 

X 

> 

» 

t-4 

.^ 

O 

u. 

» 

o 

ir 

Q^ 

u. 

* 

LO 

• 

n 

1- 

» 

>- 

OD 

<t 

<o 

CC 

— 

u. 

* 

IL 

V 

• 

» 

LO 

» 

UJ 

-^ 

>o 

V 

< 

o 

V 

CT< 

•~' 

•• 

» 

• 

w 

C- 

UJ 

UJ 

on 

<r 

«M 

u 

u 

z 

u. 

v. 

O- 

q: 

a: 

z 

• 

10 

a 

o 

o 

• 

-» 

f-i 

— 

U- 

u. 

u 

»-• 

V 

Q 

» 

X 

LJ 

» 

-^ 

*^ 

<fl 

* 

— 

» 

5: 

I 

t\j 

— 

— 

.^ 

CO 

•■ 

•-• 

<\1 

• 

• 

a 

<o 

_ 

a 

c 

(VJ 

1 

1 

on 

o 

X 

3 

1— 

< 

• 

m 

q: 

u 

z 

u 

irt 

o 

X 

o- 

• 

a. 

_] 

-3- 

(«> 

z 

u 

z 

z 

1— 1 

» 

r- 

CD 

en 

ly- 

~ 

• 
a: 

U. 

<^ 

z 
u. 

s: 
u. 

u. 

U- 

rg 

-»• 

• 

CO 

1- 

U1 

(- 

< 

vO 

1- 

o 

O 

q: 

U  ro 

— 

-^ 

m 

t- 

»— 

♦ 

WfM 

* 

z 

s: 

< 

^. 

(X 

• 

z 

U  (M 

* 

* 

f-H 

< 

< 

i-H 

Z  V 

r- 

* 

s: 

z 

X 

•> 

» 

<f 

z 

Si 

rg 

• 

• 

eo 

o 

o 

— 

o 

o 

* 

< 

ir\ 

U- 

z 

11 

II 

*-. 

o 

q: 

r-J 

fvj 

o> 

rH    i-H 

_l 

_J  <Ni 

U    — 

(Mf-H 

— 

f-H 

t- 

|<>    f-H 

< 

X 

— 

f-t 

'— 

rj 

— 

-^ 

• 

u 

z 

^• 

«^ 

<> 

1        1 

u. 

U-  -v 

Z  -1 

on 

1^ 

*    + 

nOin 

f-4 

1  o- 

z 

-^      1        1 

_J 

< 

1/5 

o 

z 

•  CO 

I— 

cc 

z 

z 

r-t  q: 

U  51 

z 

^ 

\ 

on  u 

V 

^  u 

*       1 

z 

uw 

^ 

1 

r-H 

♦ 

1  t-  a 

s: 

• 

q: 

Z 

o 

o 

«-H 

< 

M 

o 

r> 

1   z 

U   II 

II 

lO 

to  o 

z  u 

10 

1/5Z 

CK  o 

* 

O 

q:zZ 

ou 

v;  O 

z  z  z 

D 

nO 

O  UJ 

«- 

s: 

II   Q 

S 

z  a: 

on  o  z 

x  u  a 

< 

CO 

1- 

z  z 

< 

CO    11 

z  z 

rg 

1— 

z  Z  — 

►-Z 

^ 

^  I'- 

i^ 

Z    II    II 

Q 

l/^ 

• 

• 

o  r 

V 

z: 

Z  < 

(£. 

3 

z 

z 

w   n 

II  u 

z 

II 

II 

II    11 

11 

II  u 

II  — 

II 

II  >'  II 

11 

«- 

ll 

11 

11      (Tl    f-H 

» 

S 

UJ 

q: 

t-H 

u_ 

o 

OUJ 

O 

a: 

— ' 

— 

u.  cc 

u  z 

z 

X 

>- 

o 

a  u 

X 

>-  z 

Zli. 

(- 

o 

1-  U.—" 

O-H 

u. 

rvi  o 

INJ 

z  t-  q: 

» 

>- 

o 

• 

a 

Q 

» 

U 

en  an 

U- 

z 

X 

3 

—  z 

z  u. 

u. 

I 

I 

ID 

z  z 

I 

I  z 

z  — 

Z 

o 

Z— i^ 

Oi^ 

t— t 

i^  ID 

^ 

z  z  z 

* 

q: 

u 

_j 

t-) 

D. 

< 

o 

» 

■t 

in 

0<  c<^ 

(\l 

CO 

r<-, 

f-H 

<N  <»U- 

ir\ 

-0 

r-- 

00 

On 

O 

z 

-J 

z 

i-H 

f-H 

O  «<^ 

tM 

r-* 

.-4 

O 

^M 

UJ 

J— 

oo 

(C 

o>  d 

INJ 

00 

CO 

1 

1 

q: 

U- 

1 

t^ 

0- 

fSJ 

<<i  (   ^  en  c>  fvj  rvj 

-t--Hf-Hf-4f-Hf-HrMf-H|       +       I       +       I 

t--f  I  -f  I  I  |i<;0N(MrvjfMt- 
Zi-t-r\j.-HfMZ— i^i<!^^Z 
II  Z  z  i^  i^  v;  z        II    II    II    II    II 

-*     II      II      II      II      II      II      II    O  •-I    P^  IN   I— 

I— (<^<tir»»£)r-coO''H'-i'-ifvJZ 
Zi^i^i^Vi<;i<:v:v:v:v;i^z 


^ 


^ 

o 

>o       ^ 

fH 

* 

m 

< 

■-I       f^ 

o 

mt 

iH 

r-l 

< 

iH           f-« 

CO 

r- 

f-H 

• 

* 

•            • 

t-H 

4-H 

• 

-* 

z      <o 

• 

OO        r~ 

* 

-C 

f-4 

-* 

rg 

pg            (vi 

r-<   OO 

z       ^ 

CM 

1~4             r-l 

< 

<D 

< 

^ 

•> 

CO 

z  o 

z 

t-H 

••             • 

^    i^ 

< 

<       •      •  <  < 

H 

f-H    r-H      » 

< 

4-1 

< 

c^  r~ 

(B 

z    • 

z 

Z 

-^ 

Z              rg 

< 

<           -1          IN    <  < 

** 

—    i^    ^ 

<r, 

^«^  * 

t-4 

*        • 

* 

•- 

+  f~ 

♦ 

•  o 

» 

z 

U 

Z  CQ       ^  m 

03  O  fM 

II 

II       i-1  <  iii  II    II 

<M 

U     •!- 

+ 

<       +    • 

^ 

+  o 

<       • 

r^ 

1-    fH 

<- 

^    N    O 

-H   o   O 

o 

z 

.aj        ••  aj 

CD  iTl   i^ 

—      i^  <  « 

+ 

s:  ,-.  rH 

»- 

<          1-  CM 

• 

1-  00 

<       rg 

z 

<- 

M    —     • 

O    H      •     • 

• 

f-l 

u  1 

r\j  II   >o  rg   II 

II   >-l 

CM 

t-H  O     II      II    ->  (M  •-< 

CM 

1    II  — 

Z 

H    O   Z    II 

(M 

X  — 

n  4-4  II 

4-1      II 

*  — 

><>-—• 

««M  ->  TO 

•  —  o  o 

O  UJ 

o 

u 

\j  c\i 

II   —  .1   II   — 

**  —    H 

+ 

+  *  -)  —      *  + 

^ 

CM  _J     • 

* 

—  r-  *  — 

lu 

H 

•  — 

—  CO  —  UJ 

rg  _l 

•-^    • 

I    I    •    (Nl 

II          -    II 

O          II     II 

• 

D 

II 

-> 

II   « 

->  -)  rt  -)  rH 

->    •  -) 

-) 

->rt      -)rt  ->  -) 

•• 

♦      •-< 

•— 

->  -^  -  ->  D 

_l 

—    • 

->  -H-j  3 

«-4 

^    r-4 

V    V      •    M 

u  c  <e  lu  •> 

N    «   —  — 

o  z 

— ■ 

—  <_> 

*         O     *  iTl     •    • 

•H 

\J  O    1 

*-4 

•              t-4       » 

z 

r-4   4-4 

•        •  Z 

CM 

1       1 

>-  X  r-i  < 

X  I  -<  U  -) 

—  -^  ->  -> 

II 

t^ 

<-( 

o 

-)Z 

m  ^  O  -t  -1 

'H    1    tf^ 

1-4 

(sj  O  O  "-I  "H  .-1  rg 

+ 

Z  r~  O 

1 

CM  O     1     CM 

*-• 

«-4 

1        1 

CM  O  M  — 

or- 

_l  o 

I  I    1    I 

N    II   00  K  -> 

-)  «  •  • 

'-> 

t- 

^- 

t-H 

•  z 

^     1      I-   rH      » 

1    O  '-< 

+ 

+  1-  m  +  if>  +  + 

CM 

:l  ->  ~ 

-J 

1     1-  -I     1 

f- 

CO 

_)0 

11-11- 

t~     4-4 

II     U     II    Q. 

r-  ro       O  >- 

«-         •-••-• 

•-« 

z 

a 

«-l 

-)  - 

-)             -1 

-1  — 

-) 

-)            -)       -1  -> 

^ 

-1       -  ->  Z 

-5         -)  Z 

<   CO  U  -1 

o  1^  O  iL  X 

>-  o 

«» 

o 

1- 

o 

—  u. 

O  -  O  O  - 

-  u.  O 

-  O  O  -  O 

*^ 

ll.   O  U. 

II 

-  O    II    - 

o 

o 

II  u. 

-o  -  o 

o  o 

II   u. 

<-a3  u  < 

Z  Z  O  X  li. 

U.  O  <  CD 

>- 

u 

q: 

o 

(0  — 

C  CD  O  Q  (D 

(D  —  Q 

m 

(COOCDOODICCD 

_  o  — 

-> 

CD  O  "1  (D  U  Q 

-)  — 

(0O£0UOO->"- 

•o 

o 

>-i  fn         (Nl 

*         O 

l/^        <r  O             -^ 

o  o 

^ 

r- 

o 

O        OO  .-< 

OO 

f-t 

r-t 

rH    fH            ^H 

-»       ir\ 

rH       -^  o           in 

•t     r-l 

r- 

•-4 

r^ 

00        .^  CO 

4-4 

a> 

fH 

•-H 

r^  te\                r-i 

rH    1-4 

t-4 

*-* 

f-i              ^^ 

4-4 

»o  (S> 

i\j 

a> 

ro 

M 

ro  ro        ro       ro 

roi-.t-i-ih-H'                               i-roro 

h^   H-*           ^ 

O  QD  NJ 

CO 

M  ro 

o 

rj 

ro 

oi  ui        ro       ro 

00 

PororoM            ro            roi->>-            no            rouirju" 

-J   l-»           -J 

o  ro  00 

o 

^  0> 

o 

a> 

^ 

\i>  !-•           \j>          4> 

ro 

uJh-iwvji            ^            rovO>0            o            K-rovjio 

ro  •>!       -J 

C7   O  n  CD 

O 

CD  "  O  CD  O  O 

w 

o 

o 

CDO  —  cDoa)CDO(;»a)aJC3cnncDt.c3CDcoc3cnria)(_ocDt.cJO<r>naiOQD" 

(_ 

o  r>  0)  o  OJ 

O  O  O  - 

o 

--no 

-  O  O 

-^ 

o 

o 

-  o  -n  ~  o  - 

-  O 

O  —  ~000—   IIO—IIOOOO—   no—    IIOOOO  —  O—  -n 

II 

O  O  -O- 

Z  <- 

(_  —   M 

c_ 

7K 

75               75         <_ 

(_ 

2c          ze-      t_-              z<_-      (_-      ^      ze      <-- 

-^ 

2  <_       e 

ij)  *•  -t  + 

-( 

+    O    OD 

+  ro 

-1 

ro 

ro 

-1 

ro  ro  —  »o  rj  + 

+  ro 

-H-i  +  ro-l-i*    !-►-    1    (-t-c-i-i.    f-H-    1    f-row-i-i    I    -1    1    O 

r- 

ro  -(    1   -1  1 

o  o  -« ►- 

o 

y    1     N> 

>-  -0 

O 

+ 

ro 

o 

+  »Ji  O  +  ro  2 

f  ro 

O  +  ^-iJO—  (_    1   roro   1    roroo  —  e    1    voro    1   oOO  —  roON)   1 

1 

vp  ■-  ro  o  ro 

vn  o  z  • 

«    1— • 

« 

t. 

o 

t_  u)    1    ro  >ji  -t 

•    *■ 

(_•                2l>-Ui»t-'*-lo)         2I>-'         "K-                     2«          •►- 

M  2  •        • 

c  e 

ISJ 

C-  •     t. 

<-  c_ 

>o 

« 

00 

•         H-  «       • 

z 

ro»2l_rocro—        (_—             rocro  —  75t.  —  75r-i-'C<_ro(_» 

— 

C  (_•-' t. 

7^  —  m 

(B 

II 

—  II 

o 

75 

<_ 

o 

75  (_    •     t-  l_   (_ 

-1  e 

OC— 1  11  rom^   »75w   *75r"rorn«   *  ii  —   *  ii    ii  rom—  *Ji»-  — 

« 

t-  m  —  -0  — 

II    II 

ro 

II  rj 

II 

o 

vO 

II 

o 

>0    II    —            II     + 

+  II 

+   +  ^-             II   2   II    II   Z   II    ri   i-         II   z  loJ   11   2  w  ►-'  ro         ii   ro    ii   ro 

2 

II         II  ro  II 

H-<    t~'            ^-- 

03  00  7^ 

CD  w 

+ 

t— • 

+       ro  •        H- 

(_  1- 

1— (_•             >-(ui>-t                      j>-(«>-t»«             ro       >ui 

-1 

ro       > 

«      «                tl 

ai  o  u> 

CD  • 

ro 

« 

ro  t-"  U»  75  ^-'  ** 

—   -75               >+•>+«!►-'               >   +   2>+275               •           >o 

+ 

1-       •        > 

Z  Z         fVJ 

«    • 

7<; 

« 

z 

*  •    I-"  ro  •     II 

II    75 

II     11^                     752         75».                       7^_(7^-(^-                *               « 

■f 

«         • 

Z  3       • 

IM   Z 

^ 

(_ 

XI 

t-  2  •    +  2  CD 

W  f^ 

a)a)«                    -IZ75                                                 >ro 

75          > 

* 

CD  Z 

« 

— » 

—  X  ro  <_  aj  CD 

CD  O 

tr  CD  ro                                  -(  o>                                                    >            >ji 

CT.           > 

CD 

•    • 

ro 

II 

II        ro  — 

• 

• 

CO 

o 

ro 

• 

CD 
CD 

=    BB 
7,251 

BB 

ro 

ro 

o 

o 

hi 

3 


X  — 
Z  — 
•  (D 

rH  ■♦ 
II     St   10 

-)  3  I 

•  to  3 

O  O  II  «/) 

II    t-*  l/>  II 

y.      s:  s: 

O  O  D  3 
«/)  Q  lO  lO 


Z.       >o 

3        — 

to  uj  a. 

M  3  X 

—  z  < 

i^  —  _l 
•  t-  w 

—  r  - 
~  ou. 
<  u  — 


>-u 

iaS 

aw 
o 

a.  < 
acb. 

Ul  O 

£ 

u. 

o 
o 

Zlu 


U  »- 
U.  UJ 

•-  to 

o  < 
-<  O  U 

•O         UJ 

•  <  r 
o  </) 

■O     —    Z    -H 

•  tu  a 
'^  o  I  z 

z  »    • 

— •        rM 


*  <M  • 

*  <o  • 

—  >o  — 
ffi  eg  •  ffi 
(f5  rg  r'^  OD 

—  ^  o  — 

*  •  <o  « 


ID 


M 

+ 


«0 

-~  _  UJ 

rg  rg  z 

•  •  -- 

•  *   _J 

CD  CD  Z 

CD  (O  UJ 

-  -  X 


« 


q:  rg        -H         — 
z   +        ^        -) 


u  • 
X  rg 
I 


(M  -<  rg  Z  rg 

+   gj  <«    •  + 

—    •  <0  rg  ~ 

~)  rg  —  rg  ~> 

•  rg  u  »^    » 

-)<OX        ~>  rgiif        t\i  t-  -) 

»  Q  II  —  I  II  —  *  II  •  n  Z  —  1  .. 
OUJ—  <— rg-)<UJO—— UJ_l»<Ujrg_i 
_!►-  •til**  II  D^  *3  —  hD* 
0<rg  I  — ^(jc  —  Z  cnrgZiTit-'  —  ZOoo 
U.aO  —  -)  I  !>-•->— 00+  —  O  I  -J'-X'O 
UJ<o*     •OXO»>-»->0<M»-'0_i»>-X>0 

UJZ        rg-) -)Z  i^z        —  -)Z  — 

XUJO   «— U.U.O  —  OOO— OO   II   —OUO 


■»  — 

i^  -) 

+  • 

t-  -) 


rg 


rg 


rg 


—  + 
tD  rg 
CO  * 

—  • 
+  — 
rg  < 

•  < 

m  — 

<  * 

<  • 

—  rg 

—  + 

•  — 
•  J- 

rg  ^ 


rg 

«    Ul 
•    > 

-  O 

<  00 

<  < 


—        II   z  — 


I  -) 
_l  • 
—  -) 

II  — 
-)  < 


UJ  _l 

Z  c^  ' 


o  o 


<  UJ 
II   3 


;  o  o 


-  o 
<  u 


o  c 

13  C 


*  —  r-l  — 

+   •       •  +   • 

t-  -1       rg  »-  -) 

Z  —        n   Z  - 

*  <  Ul  _J  4i   <  UJ 

—  II   D        —   H  3 
.^  —  z  r-  '-t  —  z 

I  -)  —  o  I  -)  — 
_i  •  I-  «  _)  •  f- 

—  -)  z      —  -)  z 

II  —  o  O  M  —  o 

-)  <  W  Q  ->  <  U 


\i  rg 
•   + 


00  -H 
.H  I 
<0  -J 

O  ^ 
Q  -) 


+ 
-> 
-> 

<  UJ 
H  D 

—  Z 
-t  — 

•  y- 

->  Z 

-  O 

<  u 


^  < 

—  H 
<  '• 
II    •» 


<    < 


•  —               — 

<  * 

<  • 

—  CO  rg 

—  O  + 
»  ^O  — 

•  •>  rg 

rg  o  rg 

+  O  vr 

—  o  • 
X  •  rg 
Z  00  ra 

'  o  ■>/: 

X  "O  - 

Z  '-  < 

—  VJ    II 

<  X  - 

H  I   rg 

-*  rg  rg 

X  *   Si^ 

Z  U    • 

.  X  rj 

X  X  rg 

■Z.  —  -ii 

_  U.  — 

<  -.  < 


O  lf«  o 

^  oo 


o 

<0 


eg  rg        o 
rg  .O         .-H 


<«> 


tri  O 


ir> 


r~  o 

<0   ^0 


o 


rg 

+  10  O 

f-  o 

U  o 

UJ  (^ 

a  » 

—  o:  ,H 

ir\  O  o 

^  u  o 

•  m 

m  o  » 

V  z  o 

_  —  o 

<  3  o 

^    H    O  f" 

-.  —  _J  — 

<0  IT)   _l  • 

i^  O  -I 

O    •  U.  I 

I-  ir>  O 

i^  UJ  — 

O  —  X  u. 

O  <  I-  ~ 

00  rl 


>o 

vO 

0 

0 

0 

>o 

0 

•- 

0 

0 

0 

0 

-0 

03 

X  Ti  -n  Ti 

■n 

■n 

Tl 

-n 

-n 

e 

0 

0  — 

>  0  0  A  -n  r>  03 

0 

0 

ri 

>r> 

>  0  0  0 

>  — 

-n  -<  X  — 

HM 

z 

|- 

CD 

> 

II 

0  0  -n 

-* 

0  0 

>  -' 

0 

-^ 

0  0 

0 

0 

-00 

0 

—  II 

O  -  -<  X 

> 

j> 

II 

II 

II 

*^ 

>o 

-0  — 

*~t 

r  z 

2 

— « 

2 

A 

2 

7^ 

2 

M^  -^ 

33  (_  —    II 

II 

II 

Tl 

s 

2 

z 

IN) 

M  2 

<• 

vO 

vO 

r-  0 

-1 

« 

1— ' 

»-• 

— 1 

Nn 

-H 

r\)  yj  0) 

-H 

•  r 

n  —  <_  -n 

•-• 

z 

> 

n 

1 

2 

i_ 

0 

0 

•-< 

<_ 

0 

0 

k-* 

+ 

t-. 

+  00 

f^ 

<_  1 

m  II  —  >-< 

2 

^ 

0 

H-« 

•-( 

2  0 

^• 

s  z 

z 

^> 

0 

0 

2 

h-> 

2 

rv)  -O  0 

2 

—  O   II    > 

^ 

-n 

— 

II 

II  * 

11 

•-« 

l_ 

>  0  c 

II 

0 

0 

C 

« 

C 

•  >o  >o  C 

II  — 

(_  •   o  ■>> 

CD 

* 

»— • 

1-  N) 

0 

II 

II 

-1 

m 

0 

m 

<_ 

m 

m 

•    * 

—  o  •    -n 

2 

« 

•       1 

• 

I-* 

>  -1 

• 

L. 

►-• 

■.--(_ 

ui  2 

II       02 

73 

z 

s  3: 

1— • 

« 

r-  1 

0 

II 

II 

II 

t_   II    II 

*  -1 

^           > 

• 

+ 
IN) 

;d 

0  0 
l\)  — 

z 

z 

2 

(71  m 

« 

« 

• 

IN) 

—  rv)  !-• 
II  •    « 

>  + 

—  M 

0 

* 

•     vO 

z 

**.  •-« 

2  Z 

VJl 

•22 

•x 

T 

M  1- 

>  2 

.   < 

Z 

z 

* 
> 

<JiaiZ 

• 

0 

CO  m 

-  70 
Z  to 

« 

s:  0 
2  -n 

•    > 

0  -H 

m  ;d 

-H  i-> 

-  X 

0  > 

-  1 

(/» 
0 

c 

7^ 

+ 
(_ 

> 
+ 

\J> 


VJl 


U) 


000  >--ooCTo>ri>  cori  >-'C'Cjri 
000—  11  oooo~0—ooo—  II  000 

2--~  2AZ7^  2'-—  2 

u)v>)— *«    r~u>*j)— I— ivj>— *N)L»)u)— !•   r*u)vj)-H' 
oo-^t-   I    ooo>-«    ■-+00'-<_   I    00  — 
OOZ  —  i-'OO        2l_27^0lJi2—  ►-OOZ 
ooaaCii i-ji»C  —  C«    tnvjiCii— *-*-C 

n)»*  omiimt.  m»*  m^ 

|-(_       ui2r-eo       •         —  7^(_        <ji2r-(_ 

II     II  *  -I    II     II    O         N)  II     II     II  *  -I    II     II 

»-•(-•       >.fi->K^  vji       •rs)h-'        >+*-•►- 

««  —   !-'•«  :4i  VJ1««  ^r\)«« 

7^2         -•        7^2  >  *Z2  —        7^2 

a>z        •         ►-Z  —  >XZ  ♦         <>Z 

l_  7^  —  (_  I 


0 

0 

N) 

•-' 

„ 

00 

^ 

II 

0  0 

-n 

r~ 

u>  u> 

« 

1 

0  0 

< 

»-* 

0  0 

(•^ 

•^ 

^  u> 

* 

Ik 

PO 

Z 

1-  (_ 

1 

-1 

It    II 

Ji 

+ 

I— •  t-* 

r> 

I—* 

«     « 

•^ 

7^   Z 

u) 

0-  Z 

0 

lj» 


(\* 


4- 


«0 


iU  ISI  —I   ; 

3  II  II 

Z  Z  —  I 

I-  m  <«^  : 

z  o^  a 

O  O  O 

vj  Q  O  ■ 

rg 


u.  a  < 

o  ^  z  — 

u  <  —  z  u. 

Z  Z  IL  H      II  11 

II     II  H  <  <  K 

<  03  _J  —  Z  — 

U.  U.  U.  U.  li.  U. 


O  II 

•  o  — 
o  •  -> 

II    o  — 

—  n  uj 
-5  —  U 

—  -1  a 
>•  -  o 

K  >-  U. 
U.  U.  X 


D 
Z  <o 

I-  o 

z 
o  o 


—  z  — 

+  —  Z  It 

rsj  II  II  II 

v<  <  <  X 

II  ►-  Z  — 

~>  u.  u.  li. 


«j  z  ' 
z  - 

—  U.   I 

J.  I- 
I-  < 
<  o 

O  -I 
-I  u. 
U.    II 

II  yj 

z  z 

b.  ki. 


UJ  UJ 

u  u 
oe  cr 
OO 


o 

u  • 

Z  o 

XL.  II 

II  — 

u  -) 

l-l  — 

Z  >- 

Z  X 

li.  U.  I 


I  — 

->  -> 

UJ  UJ 

(K  (X 
O  O 

Z  li.  U. 

Z  X  X 

•  *  • 

(M  <    < 


I 


X  X 

•  —  ^  ►-  —  «  * 

^       ••^z  +  <<      iM<<      vja  + 

n  «•••!-<<  'H<<r-lZZa 

fvj  -H  «r,  z    II     II  ^    II     II    iTt    •     •  Z 

I  iiii«'~~rMii it\  ri  f-f  m 

II  _)•-  —  -^fM  +  i-iwinii    n  — 

—  ^»|(\j         •!         z  —  rt        u 
-)(Mrg|rg->i^<»>-H-)0  I         U 

»coo-ii    •MO  I    •i-irtinzzz 
">  ~-  ~>  ~)  e\i      -)")      (^(^—  nil 

—  OO  II •-"O OOO   II  <(D 


o  — 
•  -> 

o  ~ 
II   UJ 

—  <-» 
-)  ct 

—  o 


3  -) 

z 

-•  m 
I-  Ifl 

ZO> 

OO 

:  <_i  a 

!»1 


<         ^               U  DC  + 

z       no      z  za 

u.  o  —   •       •  •  z 

CD 
U. 

V,     •-)OUJf\lrt# 

ct<o—  «o»    U  — 

V 

Z~IIUJ— ZZ"-<M 

<u 

< 

k.4 

z  u.  -  u  -)—             1 

u 

11. 

II 

u   II  ->q:  —  l-^o<ozz 

z 

II 

< 

<X~OVZCT-a—    II 

II 

-1 

Z  —  >-U-XOOOIl< 

m 

u. 

u. 

ti.ll.U.XU.UOO~>U. 

u. 

lO  CO 


O  O         O 

o  o       o 


o  o  >0 
o  o  >-• 
U>  tv)         >o 


>  > 

C_  (_ 

•  ( 

<_  7>: 


O  —  CI 

o  -^  o 

vO  — 

<^  z  -t 

a  s  o 
<_  r» 

II  «  >ji 

Z  rv)  o 


>  3>  o 
o 

^  ♦  J> 

+   <_  O 
(_  •    O 


1    I     O 


<_  ♦ 
-    t- 


II 


*•  2  ^ 

«  n 

I  7^  — 

[    -J  Ul 


+ 
(_  <_  II 
_  —  h^  o 


+ 
•  + 


-n  o  - 

—       (_ 

X  -H  • 

O  O  <- 

I        I 

OJ  ^    ►— 

_  O  — 

vj>  O    II 

o  *■  "n 


>  o 

-  o 

I  >- 

1—  -o 

t_  (_ 

—  II 

II  u> 


II    II 


—    —    I-JO  Tl  ■ 


-n  -n  3)  ui 
X  X  i->  o 
-<  -<       o 


>  >  O 

o 

l_  <_  -o 
«    I  ^ 

l_  W   OD 

I  • 

uj  e  <- 

—  —  II 

II  II  «- 
I  I  • 
-n  -n  z 

X   X   -1 

-<  -<  • 

rvj 

(_  <_ 

-  I 

~^  v>) 

IS)  — 


7t  rj  ^   * 

M  +  +  e 

+  ro  e  — 

e  ♦  —  ^ 


C*  -.  —  o  r> 
m  "H  11  m  o 

2 2   Z 

m  X  7^  m  -< 

X  n  M  ;d  — 

>  n   I   >  z 
-I   I    Z  -(  c 
.-  i>j  — I  —  m 
O-  -  O 
Z  vji  ui  Z 

O  O 
-n  o  o  O 

0  N>  o  "n 
«   « 

— 1  vj>  Oi  X 

1  o  o  > 
m  o  o  -< 

v>>  !-•  ;d 

s  •  •  — 

>  oi  vji  X 
-i  o  o 

:o  o  o  o 

•-.  ro  o  C 


UJ  OJ  VJl 

O  O  VJl 

!-•  >-•  U1    » 

OJ  H-*  HJ    O^ 


>  >  >  e  — 
II   II 

7^  <_  — 

vji  I    I  r  r- 
+  ivj  rv)    I     I 


7i #41 

J<  II    II  z  z 

+    N)  (\J   -I  -I 

^J  •    •    +  + 

—     ♦     «    *•  OJ 
II    X   X 

r\>  "n  "n 
•  O  O 
«  :d  X) 
X  o  o 
-n  m  m 

O 

»  (_  -- 
n  I  I 
m  ro  hj 


o  CI  >  n  : 
o  O  -  O 

7^  Z  ' 


1^ 


I  U"  ■ 


o  o  •   — 

t-         7^  Z 

^  vj  y  c 

O  +  rn 

I-  1-  ►^ 

II    o  — 

>-•  II 


on: 
O  O  ■ 

Z  ' 
UJ   -I 
O  —  I 

.  ^  z 


I  —    * 

z 


O  X 

I-  ri 
*■  * 


I  « 
'  •    I 


hJ 


•     + 


3  >  > 
_  >  > 


—  7^ 

>l<  II 

Z 

-I  w 

+  • 

7^  Z 


00  VJ1  ^ 

1—  *-  o> 

a  >  o  o  X  ■>!  "n 

O  —  O  O  "n  -<  X 

e  -o  z  O  ~  -< 

>  00  «  (ji  — I  ;o  <_  -^ 

o>  (_  *■  —  o  —  I- 

—  z  m  II  — 

r  II  t.  c  —  o  II 

II    I  (I  m  t.  •   o 

I-.  M  —  o  • 


-n  -n  -n  -n 

—  z  —  r- 

X   >  >    II 
II      II     II    Ti 

■n  z  ->  > 
>  3)       -n 


A   ♦ 


►-  o  O  O 

r\i  h^  7}  X 

-  I-  n  n 

uj  «  mm 

o  o 

1—  o  <_  <_ 

k>>  H-  I   - 


>  z 

>  I 


m 


> 

X 
X 

m 


4>, 


N 


I  — 


(VJ 


M  >-  >-  —   — 

•  XX  V  > 

n  u.  u.       -)  X  X 

.H  rH    «    (1.  u. 

•  ~  ~  z  -f    H    *i 

l»>  ->  m     •€>*•—"■ 

j^   ,  ^.  rt  +  ->  — 

II  (O  z  n  »-  +    • 

-)  »-    I   1  Z  «M  "> 

h-  Z  -)  eo    I  ^  * 

r-   I    •  «o  (x  •  fM 

o>  -»  -)  o-  »<  —  i^ 

O O  " 

O  <  <  O  —  <  < 


rg  •- 

—  + 
-IZ 


—  CM 
CI  V 
1    ~ 


X  X  «  z 
-)  b.  (1.  W  • 
•        I    I    •  * 

rsl  N     II    ^    H 

+ n  >^ 

t~       -)  _i  -J 
X  ->  *     •©  ^ 
1     ♦    X  -><M  -< 
pg  fsj     »    ■^  i-l  H 

>^  i^  _i  Z  m  »H 

H     H O  O 

_l  z  <  <  o  o 

CO  r- 
co  o 
o-  o 


^  X 

■*■  u. 
I-  I 
z  a 

*  — 
—  -) 
f-i  • 
I  <^ 


I 
a 

—  UJ 
<^  D 
t  Z 
-)  -• 


^  «ri  Z    N    II 


-I  ^ 
O  O 


-•  O 
<  o 

-H    O 

f-l  fM 
(M  -• 


o  o 


-I  I 

—  -) 

II  — 

-1  < 


I  Z 
->  — 

•  ►- 
-)  z 

—  o 

<  u 

o  o 


<«1 

I  — 

.-I  <n 

^  (<^ 

H  :>^ 

ir\  — 


O  O  O  O 


en 

*  t- 
■*  Z 

>->  • 

-> 

O  II 

a  — 


I    + 


•  + 


<  <  <  < 


o   • 

O  <^J 

IT  II 

lU  —  _l 

D    • 

Z   'H    CO 

-    I    o 
(-  o  •» 

z  — 
O  U-  o 
\j  >-  a 

ri  «n  o 

rt  rt  o 
*  ■*  r- 
J-  ■* 
-1  fy 


+  O  • 
»-  II  "H 
Z  —  « 
♦    ->  -I 

*H   <*>    O* 

I   i^  o 

-I  I  •» 
—  -) 

M    -  O 

-><  o 


+    •   •  + 
t-  o  -"  t- 

Z    H     H    Z 

»  — I  • 

—  ->      — 

I  ««^  "^  I 
_l  I  ■*  -) 

—  -)      — 

H    ~   O    U 

-)<  o  -) 

o< 
o 

■» 


o  z 

II  «  • 

-.  -~  o 

-)  p>j  n 

«  I  rsl  — 

■-1    -H  +     -) 

I     i^  CM     • 

-»   —  »^   •- 

—    II  II    — 

<  -  ->< 

o 

•» 


z 
■*   • 

+  -»      "^ 

I-  rH    .K 
Z  i^  O  Z 

♦     .  n    ^n 
^  4-  ^  ^  « 

CM    H     ->    H    CM 
(->»->   + 

■-H  <«>  t- 

S^    f-l  I-  CM  Z 

_  -.  Z^    I 

II     ^    +    JJ-  CM 
J-  -)  ^ 

^  O  —  O  I" 
v;  o  <  O  -I 


OC  -)  o 

z  *    •  " 

•     »  CM  O  — 

O  •-'•♦•«  ■* 

H      II    CM    —  rl 

-  -)    +    -  i,i 

_»           t-     •  • 

r<    •  CO  Z  -)  •-< 

+    -)    w     I     +  + 

(M    +    •*  CM  CM  CM 

^  Z           ^   ^  ^ 

B     —   O    II 

X   <    Q  —  <    < 


CM 


C«> 


r> 

*■ 

rs) 

*• 

rvi 

IS)  ^Jl 

yi 

*• 

*• 

*• 

h^ 

t-t 

»-« 

i-» 

1— • 

(J1    VJl 

H- 

>-    VJl 

*■ 

«• 

*• 

*• 

*■ 

*• 

o 

*• 

«■ 

*■ 

k^ 

t-t 

>-• 

-J 

O 

O  O 

1^ 

H*  IJ" 

*• 

o 

O 

o 

O 

O 

i-i 

>^ 

►-» 

h-* 

Hrf 

H-i 

H-* 

^ 

<^ 

O  O 

*■ 

N)  yi 

o 

o 

Ul 

u> 

rs) 

►- 

o 

U> 

i>> 

«• 

*■ 

IjJ 

I-' 

O 

o 

O  *• 

>  > 

O  "  (71 

>  > 

2 

_ 

o 

> 

(_ 

o 

> 

o  > 

(_ 

O  > 

e 

O 

> 

<_ 

o 

„ 

o 

> 

> 

> 

> 

^ 

o 

^ 

75 

o 

> 

> 

i_ 

O  O 

>  >  t_ 

O 

O 

> 

j» 

(_ 

o 

o 

> 

> 

(_ 

o  o  o 

o  -n  m 

^* 

11 

n 

o 

-^ 

II 

o 

-^ 

o~ 

II 

o~ 

II 

O 

H 

o 

-n  o 

II 

o 

-n 

^ 

o 

II 

o  o 

II 

OO 

-* 

II 

o  o 

-» 

-^ 

II 

OO  o 

<_  e 

N)          2 

7^ 

*-H 

7^ 

7^ 

<_ 

— » 

<_ 

c 

-* 

t. 

<-* 

(_ 

-* 

z 

75 

*^ 

•-• 

•-« 

c 

-* 

U)  Z  C  l_ 

-^ 

t^ 

<_  <_ 

— . 

h-* 

<_ 

<_ 

^-. 

h-* 

I-* 

e 

t. 

*^ 

>-•  »-• 

•    1 

w  —  m 

N) 

« 

fo 

M 

*■ 

+ 

l- 

*• 

1 

*-  1 

(- 

*■   1 

r- 

«• 

1 

f- 

*• 

o 

— « 

U) 

+ 

« 

+ 

« 

rs) 

75 

II 

-I 

• 

1 

r- 

»-• 

)-• 

r- 

t-t 

t-t 

« 

t 

r 

-^ 

-J 

« 

1 

r- 

0>  0>  -1 

e  ^^ 

K-   X   X 

+ 

z 

+ 

+ 

*• 

z 

1 

o 

»-< 

O  h^ 

1 

O  1^ 

1 

o 

75 

1 

o 

1 

•-• 

1 

N) 

»-^ 

75 

z 

*• 

U) 

75 

*-t 

(_ 

t— • 

1 

H-* 

1-1 

(_  w 

1 

*-• 

f^ 

e 

z 

1 

-g 

•»l 

(_ 

75 

1 

o>  o  o 

1  • 

*•  s  > 

N) 

M 

l\) 

o 

-1 

»-• 

<^ 

« 

>J>  • 

h-* 

l*>  • 

IS) 

u> 

t-t 

t-* 

!-• 

2 

IS) 

<• 

+ 

V>) 

-1 

*• 

ijj 

»-• 

z 

1 

« 

U) 

*■ 

1  • 

t-i 

h-t 

1 

-1 

h- • 

o 

o 

1 

u> 

o  o 

1-  t_ 

n  -1 

« 

n 

* 

+ 

Ij) 

■^ 

t. 

<_ 

-^ 

u 

■^ 

« 

— 

• 

C 

<• 

75 

75 

« 

1 

c 

e 

■-> 

u)  e 

•^ 

2 

Lt> 

— 

75 

r 

75 

« 

— 

75  r-  ui 

(_  *  >- 

7^ 

o 

(. 

IS)  t_ 

♦ 

• 

r- 

^f 

c  - 

4i 

r  — 

* 

l— 

<_ 

* 

r- 

■^ 

m 

t»« 

U) 

W 

_« 

w 

* 

U) 

m 

1^ 

« 

75 

r 

* 

75 

(- 

-1 

<• 

• 

II 

II 

U) 

<_ 

* 

II   II  >J< 

II   II 

II    M  O 

M 

• 

1 

<* 

II 

<- 

z 

II 

II 

II    II 

2 

II   II 

2 

II 

2 

H 

U1 

+ 

1 

— 

*• 

II 

II 

z 

II 

II 

II   II 

z 

a 

II 

O) 

t_ 

z 

►-> 

IS) 

— 

z 

i>)  rs)  ^ 

CD  CD 

."i=^ 

+ 

h^ 

<_ 

»-• 

•^ 

-1 

H' 

o 

75  O 

-1 

^  o 

— 1 

»-• 

II 

— * 

IS) 

o 

IS) 

IS) 

II 

II 

t- 

*■ 

-n 

-n 

-1 

w 

»-• 

1    1 

-1 

*■ 

h-< 

x^ 

«.* 

-H 

« 

« 

tl 

II 

-1 

•    «     VJl 

CD  O) 

lj> 

« 

II 

+ 

« 

• 

Ul  • 

+ 

•  • 

+ 

« 

O 

+ 

• 

o 

^ 

— 

O 

O 

II 

X 

X 

+ 

• 

« 

-n  -n 

+ 

« 

« 

II 

II 

+ 

Z 

75 

1 

1 

+ 

75  75 

m  * 

7^  n  o 

.— 

z 

o 

*■ 

75 

l» 

75 

*• 

75 

• 

Kli 

75 

*■ 

II 

II 

• 

• 

»-* 

U) 

-< 

-< 

75 

75 

75 

X  X 

75 

2 

75 

75 

— I 

)— • 

-n 

■n 

75 

*■  ►-• 

-n  -n 

N)  —  -n 

n 

X 

• 

O- 

« 

O 

■-^ 

t-t 

« 

o  o 

O 

o 

« 

«• 

-<  -< 

-1 

»-• 

-n 

-n 

u) 

X 

X 

• 

-<  -< 

•   i\> 

o 

»-• 

z 

U1 

• 

• 

75 

*■ 

e 

<_ 

<• 

«>.  «-. 

« 

X 

X 

• 

-< 

-< 

IS) 

^^  ^ 

rvjh-  I 

• 

z 

o 

o  o 

U> 

*• 

rs) 

<_  e 

M 

-< 

-< 

IS) 

•^ 

— » 

(-  i~ 

h-  J> 

« 

H» 

1>> 

*• 

X 

»-• 

•^   1 

«^ 

"^ 

(_ 

(_ 

~   1 

N»  -1 

N) 

o 

r\) 

*- 

>.  u) 

<_ 

<_ 

«— 

1 

H* 

•    TO 

« 

U 

• 

^ 

IS)  — 

^ 

1 

>v 

75 

^ 

|SJ  >-■ 

vn 

« 

rs) 

•   >. 

>» 

z 

IS) 

V>> 

H-  X 

o 

*• 

• 

IS> 

rs)  -H 

• 

'~- 

1- 

o 

*■ 

• 

• 

w 

\ 

WO 

*• 

•► 

«« 

M 

•  c 

1^ 

•^ 

• 

M  m 

*■ 

M 

M  O 
Tl 

-< 
s 


fH 

•t 

•-<             rg 

rg 

eg 

t-              O 

^^ 

t-4 

—  e>          o 

m           o>  rg           — 

rg 

-mi          •* 

-<       -  -H    • > 

• 

f^            rg 

*« 

*  x      o  • 

«« 

^      .H  .^  pg       rg  + 

ir\ 

~       rg            rg 

(H 

-.                               —  rg 

rg  a      o  <o 

•* 

rg       +  rg  rg        ♦  rg 

rg 

*       rt            ^ 

+ 

*                               ->  rg 

it  o  ao  o 

** 

w 

•       ~>    "*        -)  4^ 

pH 

i^       rj            rg 

-1 

a                           +  -H 

~  \J  illJt  o 

f-4 

r-       >-  O  rg       —  ~ 

rj 

1    -   .       —   . 

*^ 

1    —            —            rg  rg 

>-      «)«<»• 

1      — 

T  -) 

^       >-  rg   •       >-  >- 

• 

->  -)  CO       ->  o 

V 

rg  -)  ->            ►..            »^    • 

U-  <  3^    » 

•M  ->  -> 

<^  ^ 

^  rg  u.  rH  •-<       u.  b. 

••• 

—  —  rg       ««  m 

u. 

• —            —  0« 

*             O  rg 

** 

«^ 

rj  V  >- 

rg   »  41  rg  rg       *  « 

rg 

rg  V  >-  rH       V  pH  rg 

* 

f-  >-  >-            >            V  o> 

CD  1/)  UJ  O  O 

-> 

-> 

X  >  V 

•  u.  U. 

•  Z  O    •  ^        (0  (B 

fH 

•  u.u.rgxu.<M   » 

IS 

^  u.  u.  ce      u.          u.  o> 

ffi  •->  ce  .t  o  X 

^■t 

•      X  <o 

•        X  K 

ZU.ll. 

Z  *   « 

ir>za)o>rgaccDeD 

rg 

Z**    »X  *    -r~ 

ID 

•  i**z      *a      ••K 

*       <  •  *  z 

it 

»      z  w 

c    'E^ 

»  *  * 

ZOO) 

i-l    •  •   w  <.  z   H    M 

«k 

Zcocoi^    •    •rg*^ 

* 

mcoiB*       OSZ       corgz 

•  o      o  ^  • 

« 

f~< 

—         »    •  rg 

rg  CO  CO 

•  em 

i-l|f»     apHO     •  —  -.. 

O 

•  iBCOrginrgrg    • 

• 

^c0S'-<->aa   •->iDrg   • 

->  rg  z  >-  O  U  p^ 

fH 

+ 

<       -H-.  + 

<       -H  rg 

<l\    »    to  ID 

m  H    « 

rg^rgrg£-<->rgrgI 

<OM      Nrl^llf-lir 

rg  rg 

II     II     II     14    *     H    •-■  *     U    I-l  iH 

* 

U    «  K  o  Z    N 

II 

1- 

♦         «    11   t- 

*        n    II 

^  ->    »    » 

4^  —  — 

—         H    —    1     II    4   • 

^4  1 

^  —  —rg   H    — rg»^ 

II  rg 

-> -»rg-.Hrg-.rgii 

rg 

—  X  >-  -»    1    -) 

-I 

z 

if>       -)  _i  Z  a>       -i  it 

f^         ^.  -^ 

»  -*  -> 

•  N  — i-rg-)rg-> 

tH  rg 

H   ->^-->*~ii 

•^  ^H 

->.*•        +->-l  +  —  —  -> 

+ 

»  O  Ul  —  rg 

♦ 

•  bJ             « 

•  UJ 

«vj^  -)^ 

-1  w:  • 

p^-)  -1  Z  ♦         »^    • 

rg  * 

-)    •  ^    •        it    »  -) 

->rg 

rg   •v«'i»-  +  u>t-   •    • 

t- 

•  _l  X    •  *  M 

CO 

II   3  *  *  — 

■  O  in  m 

-H      •     1 

O    1   * 

1   CO    •    1   u  <^    •  -) 

(J 

««  *   1  -H  c^  I  ,H  -I 

» 

cn-»    1  mzrgmzT'^eo 

z  -)  -1  x-<  oo 

o 

rH 

-ZO  O  'H 

-  Zin  o 

O  '^  '^  -) 

ir>">WO'<-<'>JXrMrg  + 

OXrgi^-)   1   rg-»    I    cr. 

rtO 

'^U~»'^\U^>+tCO 

1 

+  O  V   1    z  o 

o 

1 

-)«o  O   1 

->  — O  O 

►-  CM    1      • 

^^   *   1 

—  -H+^X^«rg 

►-I 

«   1     .o  rt    'O  -H 

+  ►- 

rg|     •rgrg«rgrgrgOcorgrgu.</)OZ-«' 

.* 

_J 

•  t-  ■*  ^  _J 

•  •-•*.» 

->  -> 

fM  -)  -1 

rg  -) rg  -J  wt 

rg->->  —  rg->  —  rg 

-> 

->  -)        ^^        ^^  ~ 

i^  w         

^> 

•-  z          - 

—  z 

O  O  -- 

o 

U.O  —  11-U.O 

oil 

O U.O— U.O 

—  00~«-Oll— OM— IlO 

M 

—  lu  u.  u.  u.  O  O 

N 

—  o  o  o  « 

-oo  o 

O  Q  << 

o<  < 

—  o<—  —  o<< 

o  — 

Ci<<~0<  —  O 

<V) 

0<<Q— <0--<  —  O 

•- 

<  X  o- -o 

1- 
co            rg  r-i  rg 

o 

— 

<  UQ  O  — 

<  UO  Q 

«n       « 

o 

r^  CO  if>  o  i-c       f^ 

0^ 

in        <o       CO  9>       O 

r-  r~- 

»       rg            (n  *       <r>       »> 

o 

•*■ 

^4       ^H 
f-4       f-i 

rf\ 

>H  ^  fh  rg  rg       rg 

«-i 

rg       rg       rg  rg       m 

«ri  rg 

t-4  rH 

CM       <ri             m  (f^       m        O^ 

(H         f-i              F^  p^         p^         0^ 

00            rg  o  o 
00            .-•  o  o 

o 
o 

o 

o 

isj       rg 

rg 

rg  rg  rg  rg  rg       rg 

rg 

rg       rg       rg  rg       cm 

rg  rg 

rg       rj           rg  rg       cm 

rg  ^  .» 

•» 

* 

\ 


00  CD  !-• 

NO  o  o 

►-•  M  I- 

■^  O  O- 


o  o  o  o  o  ^o  o 
(-*  t-»  »-•  o  o  >o  o 
^  h-»  O  ^         sO         nO         H-* 


O  f\3  VJl  O^ 

•-•  o      o  o 


o  o      o 
o  o      -o 

0  4)         vO 


yjl 


^ 


I  o  "n  o  -n  "0  -n 

I  -  o  o  o  X)  o 

X  <_  ;d  »  —  X 

—  •  O  CD  X  z  X 

t_  !-•  m  OB  >  -<  > 

I-.  00  H  -I 

u    »  ~  u  —  a>  — 

>  1-  <_  ^  >o  ►- 

U>  •  •    C_  >s  ►-  1 

S.    O  I--    II  >.  -O  !-■ 

X  —  I-  V  •    ^ 

—  II  •  'x  >  — 
<_  -n  o>  ^  (/»  *■ 

—  O  X  »   o 
J)  ^  wx 


"D  -n  o 
:n  o  o 


:n  -n  2 
c  O  a 
2  3J  c 


o  -I  II  n  : 
rri  o  X  rn  M 
c  -  ;d 

2  2  C 

+  X  2 

'-'  C 

•  Z 


00  2  00 
»0  X  ►-• 
M  C  *• 
O  2 


-n  2 
—  ri 

C  n 

2  *■ 

I  • 

o>  • 


0%  »    1-. 

-n  !-•  • 

—  o  — 

■Tl  t-     ♦ 

2  0>  — 

o  •   -n 

XI  1-  3E 

—  or, 
I-  n 


o  -•  "^  (/> 
o  -n  2  o 
-^  n  (- 
-I  O  X)< 
O  I    »  « 

!-•  •    f-  o 
h-  -  o 

O  1-'  >  11 

^  ►-  -I  o 

I-  o  -n  xj 

o  — 

>o  X  -1 

•  n  I 
i-t  o  rri 

o  ♦  03 

H-  -n  c 

o  r  n 

•  O  7>: 
►-  >  r 

o  -n  2 

o  —  o  ' 
>0  2 

2  ri  ' 
XJ  o  • 
—  m  ■ 

•  m 
CD  -n 
c/i  — 
>.  n 

>  m 

(/f  z 

•  -I 


>  — 
f-  2 
r-  o 

;  m  : 


o  > 
o  ~ 

2  — 
-I  • 

I  «  e 

;  2  — 

1  C   u 

m  OJ 


o  o  o 
o  o  o 


00  o 

—  o 


—  I 
>  ni 

2  m 

X  — 

•  ff> 
w  m 

•  2 
X)  < 
-H  > 
73  |- 

•  C 

X)  m 


o  o  «-  : 
o  o  2  ' 
►-  ►-  c 
m 


-  2 
Z 


~  c  c 

7^   Z  X 

—     H    </l 

II  (/I  II 
(/I  C  </) 

c  z  c 

Z  en  Z 
+ 
CD 


O  (/>  O 

oc  o 

z 

»•    II  VJ< 

o  o  o 


o  o 

2 


>  ri 
-  O 


>0  -I  v/i  -<  rv)  t- 


O  — 

1-  2 

C 


(-        I-   II         — 


+  -' 

►^  Z  I 

•  c 

«_  m  ' 


C7  o  : 

o  O  ■ 

Z  ' 

*■  -I . 

O  •-•  I 

o  z  • 
>o  c 

m  I 


1  o  o 

o  o 

*■  *• 

o  o 

.  o  o 

00  00 


> 


* 

(_       >ji  2  r-  (_ 

II           «   -I  U     H 

!-•             >     +  »-•»-• 


7«  2 

c^  Z 


O  — 

2   -■  • 


Z  —  I 
C  II  ■ 
rri  • 

ij"  ; 

*  ■ 
> 


•  o  o  ffi  r>  >  n  > 

o  o  o  O  —  o  — 

2  7^  2  7^ 

*■  *■  -(  -I  >Ji  -I  M 

o  o  o  —  •  —  + 

O  O         2  (-  2  7« 

^  -J  *•  C  —  C  • 

o  m  II  m  <_ 
r-  (_  o      •       — 

II    II   O        hj         II 

t-*  *-•  ^j^      • 

•     •  *  Ul 

7<:  2  >        ♦ 

►-  Z  -       > 

75        — 

Ui         75 
•        rvj 


to  10 
<  IS 


^  IM 

u  • 

I  • 

rg  — 

*  — 


O 

z  — 

o  ^ 


(Nj  rg  J- 

•  m  * 

•  *  « 


UJ 

a: 
o 

u.  — 


UJ 


UJ 


UJ 


UJ 


-t  ~>  ~t  -t  ->  —      o» 

«-  — >-      —  ^ 

VIIIII  _J^ 

(OIXII—        <UJ 
(O  —  —  w   ^wUj»-0 

NiHii    ■■3<a: 
zxo 

~>IM*«»llfliO^.  U. 

>-->->->-)->z_i^ 
I o*  ^ 

en 


U   •»  <M 


rg  m  -^  irt  «o 

i^~        i<—  w—  w—  w 
rg        i-ifv^        f-4^        «-4tf>        f-t^ 

^Z   'i^Z    ^  i£  I    -  iii  I   »  i^  I 


—  X 

->  N. 

w  10 

X  < 

V  — 

lO  — 

<  « 

~  ,0 

*  w 

rg  u 

^  I 

*J  •» 

I  • 

—  • 
->  — 

ui  -) 

u  — 

O  V 

I  U.  10 

'    II  ID 


IT    X  rl 

CD   •4'  UJ 

ta  *  \J 

CD  —  a: 

t-  O 

»-  <  u. 

XI.  u 

•-•  OC  rg 

a  O  k^ 

a  b.  u 

ir> 
to 
s 


«OK>-<h-X— i«DX>-lO>X<-"OX4-     ••ll'H* 
0O.*'UJ0D-^UJCD-tUje-4'UJ(>-4'^^^~>    •iTv 

•o-Juco-JUoo-JUco-s-uoo-i-oov  ->i^ 

co>'Koo»Keo— Ko)  — ctoo— <o  —  im— o»~ 
1-0  t-O  *-  O  t-O  t-  t-rgf-irH|-> 
l-<u.t-<u.t-<U.I-<U.>-<»-<  •oouirgw 
zzuzZDZZHZSLiizzzzxeou^X 
»a:<r\>-io:'4'>->a:iri»K<o>-(r>-Qcrg  a*  n 
KO^KO^a  owa  oi^aoojo^oo  —  — 
&u.wau.ua.u.OQ.b.uaii-a.u.   •ou.— >- 

<0  f--  OD  0>  O  -^ 

00  00  00  00  o**  *™^ 

CO  <D  QO  00  00  €0 

00  00  00  OO  (S  CO 


—      u.  0 

• 

w 

z 

f^         •  rg 

0       - 

K 

•       ^  UJ 

IT       « 

t- 

t-i                                                   (D 

-)  —  >-* 

On             • 

K 

•            X 

_  -)    .    . 

flo  r  -) 

Z    1 

z 

-^      X  z          X  —      < 

rH   w   ^    X 

-  z  — 

z  - 

z 

+      z  •          z  X      — 

UJ  UJ  X  m 

•    •>  (D 

•  -> 

~t              -r-                      •Z 

U  U    •  -H 

-^  rg   M 

f~*    » 

*-t 

—             -<                               -H      .             0 

«  a  in 

1    n   — 

II  -> 

M 

(D            H     N     0            H    ~>           -1 

0  O-^ 

a  "  rt 

-)  — 

-> 

1            ->  —     •           -1  —           < 

U.  U.  0^        UJ  0          1 

Ul 

< 

u    UJ              0  UJ         <  UJ  t- 

** 

H     K    00    »  3 

1-  ■*  — 

3 

rg  M 

in 

—  3<o«OH  Dr-  n  3< 

-> 

rg  <n        ►-  z 

u  0  • 

z  0  - 

0 

xzoo-zo-zx 

«» 

UJ  UJ  1-  <  -• 

UJ    0   rH 

•-» 

0  -) 

0 

z  —  oo->  —  0^  — 

X 

W  U  Z  XI- 

>   -H      1 

»- 

«-H      • 

t-4 

•  1-0000    •t-00    •l-_l 

H 

a  a  »  or  z 

—      -)  z 

-> 

->  z           —  z       -)  Z  -I 

t-H 

0  OK  oou.  0  — 

00  — 

0 

—  000-00  —  o< 

X 

u.  u.  a  u.  vj 

~  0  <  u  0  < 

a 

<tUQO(DUOtDOO 

Ift  Cl 

„ 

* 

rg 

m                >o            i~- 

^H  f-i 

in 

0 

0 

0              00 

c^  « 

o> 

0 

0 

0            00 

CB 

'O 

'O 

vO 

00 

00 

H-> 

►-« 

t-j 

H-* 

»-• 

h~* 

»-• 

H-" 

Ul 

o 

O 

-J 

Ul 

(> 

tr 

■p- 

f-" 

\J1 

N) 

o 

00 

-o 

Cf 

~J 

M 

u)  ^ 

»-• 

o 

o 

1-" 

„ 

O 

X  o 

T3 

o  -< 

o 

X 

CI 

X 

_ 

o 

> 

o 

> 

o 

T3  O  O 

X 

X 

M 

O 

> 

> 

rsi  o 

„ 

XJQ 

_ 

r> 

^ 

-0 

—  M 

o 

-0 

,_« 

O  2  O  Z 

X   X 

o  o 

_ 

2 

en 

m 

-11 

-0  -Tl  -D 

II 

O 

—  o 

*-* 

m  -n 

o 

-^ 

o 

-* 

-n  o 

^^ 

o 

— » 

o 

—  m  iTi 

-* 

— * 

II 

o 

■-* 

<— 

11   O 

-p 

rn  m 

Tl 

O 

■D 

•— • 

-n  II 

o 

t-t 

73 

O  ^  rn  < 

-*  -* 

o  o 

-n 

C 

z  O 

7}  O  73 

z 

z 

< 

-H  ~ 

z 

■— t 

A 

— 

■-• 

A 

<  -t  -t 

A 

•-« 

X 

A 

—• 

> 

-* 

-1  -t 

-* 

z 

:o 

< 

-  > 

< 

}-* 

►"<  — 1    11 

»-«  »-« 

^ 

X 

03 

o 

33 

—  33  " 

■X} 

i-d 

;o  w 

O 

II  > 

— 1 

« 

I-* 

« 

X 

U1 

« 

H- 

•• 

t-» 

O   II    II 

« 

T3 

— 

t~» 

« 

"D 

-^  »-• 

t-4 

C     M 

TJ 

-1 

II 

o 

ISi  CD 

o- 

o 

11 

Ui    II    II    z 

«    « 

^  OJ 

•^ 

m 

3! 

2 

z:sz 

\ 

00 

•     OD 

-1 

CT~ 

•-• 

c_ 

o- 

(_ 

*^ 

<_ 

*■ 

e 

*• 

■H   O     1 

(_ 

3J 

*~* 

ui 

(_ 

30 

!-<     IS) 

"D 

73  O 

•_* 

— « 

t~* 

-1 

1    01 

-1 

A 

Z  >-   33 

-^  <_ 

o 

z 

O 

> 

-I  j>  -1 

7^ 

(_ 

II 

m  z 

z 

— 

— 

A 

(_ 

— 

*- 

11  m  o 

— 

• 

T3 

— 

« 

•0 

XI 

Z  • 

< 

z 

II 

■0  -n 

•— < 

II 

+ 

A  33  • 

e  -- 

o  i/>  c 

-4 

-1 

7^ 

—  e 

h-* 

-1  73 

c 

II 

—* 

II 

« 

II 

II 

»-• 

II 

(_ 

1—  -1  m 

II 

(- 

^ 

e 

II 

(_ 

73  (_ 

1 

o 

O 

c 

M 

•-•  '^ 

II 

o 

»-• 

II      1    O 

II     II 

11    11 

>^ 

»-« 

-1 

■-* 

vO  —  -o 

II 

II    n 

• 

m  - 

m 

X 

II 

X 

t_ 

H-1 

> 

II 

> 

II 

•    *  -1 

rvi 

•^ 

« 

II 

fM 

^-. 

«     11 

A 

-1 

m 

<  > 

A 

• 

t-i  »-* 

—  o 

h-*  r-* 

o 

i-i 

V^ 

00  S.    00 

»-• 

X  1- 

o 

>  z 

-^ 

*-• 

— 

-^ 

« 

^-* 

— 

*-t 

o  > 

II 

<_ 

f-* 

u 

e  A 

■^ 

o  - 

« 

o 

•m 

•    • 

«     « 

»— • 

z 

Z 

m 

O  -v  o 

« 

'—  « 

\ 

—  73 

«-* 

;d 

A 

— 

z 

—1 

73 

A 

73 

^  — 

X 

^^ 

« 

> 

^^  • 

-1  -. 

z 

Z 

o  o 

z  z 

« 

rri 

NJ 

o  ■•    ►- 

Z 

z  z 

> 

z  — 

« 

t-* 

« 

< 

• 

»-• 

« 

K-* 

>  A 

-^ 

z 

Z 

»-• 

00 

»  « 

73 

33 

33  33 

PVJ 

> 

o 

•  -F- 

■^ 

33  < 

^-> 

X  — 

<_ 

« 

(_ 

>-j 

e 

w 

i_ 

« 

-^  « 

A 

< 

A 

X 

O 

•» 

A 

H-* 

« 

-^ 

3C 

• 

—  *■ 

< 

o 

-1 

z 

« 

z 
7: 

z  ►- 
-~i 

> 

* 
X 

z 
3) 

* 

< 

o 

-1 

7 
> 

* 
> 

Z 

« 

< 
o 

-1 

Z 

:>3 

A 

<_ 

<_ 

• 

o 

f-* 

z 
> 
o 

z 
> 

— 1 

X 

2 
> 

O 

— 1 
« 

z 
> 
n 

> 
> 

r 

> 

X 

« 
2 
33 

« 
Z 
< 

o 
o 

M 

—  X 

a;« 

(_  uj 

•  I 

—  rq 

«     -^ 

c_  tn 
II  m 
•-  z 
■•  < 

z  m 
z  r. 
1 

•  O 

—  33 

II  yi 

»-'  N. 

ooooooooooooooooooooooooooooooooooooooooooooooooooo 
ooooooooooooooooooooooooooooooooooooooooooooooooooo 
ooooooooooooooooooooooooooooooooooooooooooooooooooo 

►  o  o  o  o  o  o 

vji  -P*  ^jj  hj  t-»  O 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOi 

\Jl*'*'*»*»^*»*'4^**^wwwl^>)\JUJu>ulOJ^JJ^Jl\i^J^Jf^Jr^J^Jl^J^J^Jl--'l-'l-twH-^^ 
Ovooo-ga^al*•^J3^^Jwo^oo^C^Ol■P■oJ^JH-^^oao-go»vJl^oJ^sJt--'O^OQo-JO^vJl^oJ^JH-o^oa^■-JC^vJl■P'^>lM 

rir-l(-ir-»r^r^r^r^r^r^(-»*-»<-»r-^r^r^r^(->or>oOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


ooooooooooooooooooooo 


-4 


o  o  o  o 
o  o  o  o 


>ooooooooooooooooooooo 
)00000000     oo   o   oooooo 


OOOO    OOOOOOOl 

l/^U^l^(t^t    irtOOOO  00'~'»~'»~'»~»«~'»^»~<'~»«~«*^rNjr>jfNt>irNji>irMr^r>jr%ji'ii'inni<'ioc»if»ii^(^ 

OOOO    OOOOO    OOOOOOOOO      OO    O    OOOOOOOOOOOOOOOOOOO    o<^uoo    OOQP 
--  ---  -  -  -  -      OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

t  ^\  ^  ^     ^^  ^S  ^  ^^  *^  ^^  ^^  ^^  ^S  ^^  ^>  <^  ^\  ^  ^\    **l  ^^  ^^  ^\  *^  ^>  ^^  ^  ^^  ^K  ^  ^  ^  ^K  ^v 


ooooooooooo 

—  *"  "r-ooO'O'-ioifn,..^ 


OOOOOOOOOOOOOOOO 

•^in<or~ooo>  o<-<N<^^ir><or-oo9> 


OOOOO   ooo 


ooooooooooooooo  oooooooooooooooooooooooooooooooooo 
■~>oooooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooooo 


U) 

..« 

> 

UJ 

^ 

ac 

o 

y 

• 

K 

oe 

> 

h- 

t-      — 

»^ 

Z 

K 

<  wz 

o 

«- 

» 

I  UJ  — 

— 

z 

< 

«k 

(j« 

2 

» 

« 

i 

_i  —  1- 

z 

1-4 

^* 

<£»:  q: 

^^ 

t- 

> 

—  UJ  1-    • 

i-i 

K 

z 

•-« 

oa  <  ~ 

1- 

• 

• 

H- 

z      z  z 

K 

q: 

3 

flC 

»   IL            w 

• 

t- 

Z 

• 

►-  o  u  a: 

** 

K 

^^ 

1-      —  1- 

— 

3 

•> 

< 

3 

q:  u)  q:  q: 

UJ  O 

Ul 

z 

> 

+ 

Z 

»  UJ  K-    • 

u  z 

u 

Z 

— ■ 

^« 

C  3  UJ  — 

< 

< 

K 

» 

-  > 

« 

-> 

1-  _J  z  o 

q:   • 

a: 

f- 

3 

—  z 

H- 

CC  4  X  o 

1-  o 

h- 

K 

Z 

>  • 

K 

ffH 

•  >  >-  ^ 

•  z 

• 

* 

• 

z  > 

* 

♦ 

z  z  m  w 

J-  • 

•* 

in 

a 

•  z 

m 

-J 

•  UJ    1    u 

•  z 

• 

• 

O 

z 

>  - 

» 

Z  \DX  z 

vO      • 

-o 

\r\ 

yO 

fM 

• 

z  < 

<o 

K 

.  —  o  • 

— 

f~- 

i-H 

0> 

•> 

-* 

—  * 

4> 

z 

<  UJZ  — 

•« 

UJ    1 

«  UJ 

* 

• 

l-l 

UJ 

^ 

1 

<  — 

^- 

Ui 

o 

-        o 

•> 

CL  UJ 

•  a 

!-• 

r^ 

»  «-. 

0. 

r\j 

Ul 

+   3 

^* 

Q. 

(-H 

lO 

ro  »\(  u.  Z 

^m 

<     • 

«-  < 

• 

f-l 

00  3 

< 

* 

• 

—  z 

rW 

< 

+ 

1 

O  in  O    • 

ta- 

1-   .H 

'-  1— 

(\J 

• 

-•  z 

1- 

o 

> 

•H 

3    • 

UJ 

lO 

t- 

r-l  _l 

f^ 

.-  -<        O 

< 

< 

^ 

(r> 

CM 

Z 

* 

Z  3 

»» 

«M 

a  » 

-) 

UJ  O  t/)  z 

» 

4 

1-   < 

'-^ 

+  i- 

• 

(-1 

O  3 

1- 

*^ 

» 

< 

•  z 

u. 

• 

tf) 

JO 

1— 

r — 

• 

rt    UJ    w 

1- 

rH 

Z  UJ  D  ~ 

rH 

Z  UJ  D 

^ 

«^ 

'H    Z 

3 

fH 

z 

*— 

3- 

«n  <<^ 

+ 

1 

3 

z 

»-• 

UJ      r>< 

UJ 

• 

• 

u  a.  o 

» 

•  (_)  a 

«K 

-ih   ^ 

•  a 

1 

«« 

cc 

z  <  CD  CM  oe 

• 

(T 

• 

a 

K      K  <n 

o   •  - 

~  < 

«^ 

Z  *  -J  z 

(0 

f-t 

<N 

< 

►-  z 

.-1 

fM  <  ►- 

^» 

> 

3  <  O  1- 

3 

U.  UJ 

'^  1 

< 

» 

a: 

o  a  o  1- 

CC  lA  K    1 

-I  "H    -> 

»  + 

K 

—  1^  <o 

u. 

^« 

II 

a 

D  — 

«« 

II    CE  D 

z 

z 

<0  Z    N 

»  3  «o  z 

oo 

<^ 

<  pj 

^ 

CM 

H 

11 

■ 

■ 

3 

c«^ 

n   B   II   11  in 

O  N   - 

O  _J  z 

N 

1-  *  >  — 

> 

< 

t— 1 

t- 

O  IT  < 

"  »-o 

1 

f-t 

(-4 

t-< 

1  — 

_o  '^ 

1 

z  < 

i-H 

—  * 

u. 

CM 

^- 

** 

*^ 

^ 

O 

•M 

-«  ^  -~  _  rg 

a  ->  a 

•        D 

^^ 

z 

D        Z  10  o 

II 

II 

K 

H 

II 

> 

+ 

u 

+ 

>  z> 

3 

> 

»-H 

-1 

*  * 

1- 

^- 

3  3  >  > 

3  3  >  > 

U.         K 

o  o>  ifl  -)  a 

O        UJ  z 

UJ  o 

Ul  Ul 

UJ 

.^  UJ  UJ 

z 

>>z>ozzzujozz 

o 

«n  tE 

q: 

f-t 

Z 

z 

Z 

z 

UJ 

o  z  z  zz  o 

■*  a 

H    ii    II 

* 

3 

K         O  UJ 

-J 

u 

«-« 

U  1-  _l 

u 

.M  VJ  H- 

O  O 

^* 

z 

z 

^ 

z 

t- 

^^  «v 

«-!-►- 

*- 

X 

-J 

1- 

•  K 

O  UJ 

^ 

«- 

•V 

1.* 

1- 

t- 

^-  «v  «i*  «^  ^ 

•  _l  CM    + 

z      z: 

•^ 

K  Q 

00       — z 

-1 

< 

< 

►-  _l 

< 

<  « 

II 

II 

II 

u 

II 

a: 

>-•  1-^ 

II 

-J 

II     N 

Ul 

<w 

Q^ 

•-4 

U 

f^ 

»» 

Q£  "  a  ►- 

O  _l         X 

D  O  3 

^^ 

Ul  Z  D         lU  » 

< 

a:  O 

cr 

(£  < 

q:  o  a  i£ 

D>  U- 

>  3  u. 

>ou.t-i-o:ou. 

a 

< 

O  (X.-> 

H 

u. 

t- 

t- 

►- 

1- 

(T 

O  »-  t-  t-  »-  o 

■  <  O  « 

V)  O  1/1  K 

QC  UJ 

10            o 

u 

t-a 

t- 

XU 

i- 

Q  H-  » 

z 

z 

^- 

z  z 

^ 

z 

o 

—  a  a  »  o 

•-• 

z  u 

O  (£  UJ 

irt 

•-• 

q: 

(E 

(T  a. 

X 

O  (E  K  IT  o:  O 

X  l-l  O  K 

M   l\J  M  >-■   vO   ^0  09 

t\>  f  O  O 


t-»  h-t    p- 
0>  Ul  I- 


U>  l->         I-' 


m  -n  ;d  -H  •-•  >  c 

z  o  rn  z  z  ~  ■ 

o  »  -«  -I  -f  i_  c 

xc +    I 

»  :o  2  (-  f  > 

-t  z — 

~  n    I  -•  7^ 

i-  o  f-  —  • 

I  ■  " 

o  >  — 

*■  —  * 

OB  C  > 

X  +   — 

•  f  <_ 

(V»  •     + 


•  ex 


c  o 

II  o  ~n  H  II 

c  o  I 

+  00  —  •  -• 

>  z  ^ 

~  7«  t.  O 

7^  II  !-•  -n 

i  «  (_  —  — 


I  O  Z  l~  « 

O   «_    M    Tl 

l-i  o  *-* 


M  •     >-•  —  -H    II 

z  o  7^  a»  <_  O  o 


o 


♦  z  -o      «  z  •  • 
>      «         I        7^  : 

—  l-i  KJ  — 


>  > 

r-  <_ 

•  + 

7^  <-^ 

»  7t 


-I  O 

II  o 


>  > 

7>C  7^ 

>  «    • 

•  r  <_ 
'—  + 

H    >-• 


-I  —  •     7^   -H  — 


-I  o  — 

M  O  "n 
>       ~ 

—  i-<  |- 

7^  l>)    I 

•  ►-•<_ 

e      ►-•  I 

+  7^—1 

■-•  n  t-> 

-^  >-•  w 


O  n 


~iis  >-  —  H 
I    (/>  IV)  Z  Z 

</>  -n      I.  I 

7T   !-•<_ 

!-•   >     H     —  >-• 
IS)  —  C 
«    (_  N)   >-< 


!-•  —  VJ> 


rcecflozzc 

uhji-ill    OM"-"^ 

(_  n    II  >        n   n  -^ 

►"•t-t-oorjzz-i 

+  +  o>  p--  I    I  m 

N)  >-*  "n      IS)  t-" 

—  t_  o 

>   n  C 


p\) 
Cfl  > 
C  r 
CD  z 

3D  O 

O  (/> 

C  -I 


«  z 
+ 


X 

> 

z 
o 

(A 


> 
z 
ct 

c 
r 


+   7^ 

C  + 


> 

a 

(A 

•n 

> 

+ 


:  z  3) 

m  ■-• 

> 

•  -I  z 

:  7>  <;< 

I  —  c 

Z  I- 

:  o  > 

I  —  jj 

■  > 

m  1 

■D  m 

to  (/> 

I  •  t/i 

;  z  m 


«  «  03 
2  z  rn 
O  -I  30 

—  .  o 

z 

O  (/< 

—  c 


m  -n  -n  -n  X  c 

z  o  O  O  rri  a 

o  7)  :o  7)  H  >^ 

Z  Z  ZC  -I 

>  >  >  7)  m 

-I  -I  -I  2 

~      -      O 

h-  -  ►-  c 
I  1-   I         H 

o  >-•  o  -o 
u)  I  *•  C 
IJ<  O  00         -H 

X  m  X 


IS)  CT  -J 

0  m  I 

1  z  -I 
v>  <  » 
c  >  > 
z  I-  n 

c  m 
O  rri 

•n  « 

►-  m 

m  IS)  1^ 

«  X  w 

CT  •  • 

rn  fsj  00 

2  m  — 
<  rsj 

>  o 
|-  • 
C  00 


oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
000000000000*000000  ooooooooooooooooooooooooooooo  ooooo 
l-H^i-i-i^r-<000000   OOOOOO      OOOOOOOOOOO      OOOOO        ooo   oooo    ooo   o 

oooooo^<o>o>04)'0'4>c^o^oaoooaoaoooaoaoaooooo^-^-J^•w-J^-.l~J■^o>o><^^c^o>(^<^(^(^>J<|J<<J<^J>u<v)<vxtJlvJlUl 
VK«-u)rot-iO>ooo~jo>ui«-M)rs)i-<04aB-jo<vji«-u>is)i-iO<oao~jo«vji^uiis>>-'0<os-40>vji«-v>iis)>-'Ovoao^o>>ji«-t>iMi-'o 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 


oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
<o^-ooc^o•-<f^J(<1*ln^or-ooc^o•-^»M<«^-»lf>^ot^oo(^o^f^^fn■*^n^o^-eo<^0'H<vm*lr>^^~eoc^O•-'f^i<«^-»l^><o^-•^^0•-• 
0000«-H»-Hi-Hi-H,-^.-HpHf-H,--»,-Hrsirgr\jrs|c\jrNirNjfsjrgrgcnt*\<r»c*icocnfOc*>mcn-^^^^^^^^*^^ir\u^if>inininii>iniA»n^^ 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 


a  I- 
z  q: 


3  -H 

z  o 


UJ  —    • 

.  «  o 

<  Q 

-  Z  UJ 

oc   •  a 

O  UJ  —  < 

O  o  o  >- 

X  <  z 

1-  _)  —  1- 

UJ       <  D 

z;  UJ      a. 

Z  Z  1- 

• 

UJ  —  O  3 

f-l 

f-H 

a  I-  >-  O 

• 

1 

II 

a:  3  lo 

o 

• 

r) 

o 

UJ  O  Z  UJ 

H 

«-i 

z 

O  _l 

3  a  UJ  t- 

UJ 

u 

II  o 

O  03  z  — 

»J 

«-H 

o 

>-  _) 

<  3  ~q: 

Z  -J  o 

_IUJ 

-I  in  Q  » 

0£D  Z 

_IO 

m 

V 

•-H 

m 

o 

VJ 

<  U. 


fvl 


•  U.  <  O  Z 

I-   >0                     ^  Ul  O  • 

</)••             3tt)_l         •  UJ  D 

•     •UJCNO               Z<U.         --I  U  Z 

OOt-»ll-"          11    +    ^          II  <  — 

•  uiia_i—  +       nao.      —  oc  < 

—  .-■(MU.         D3«        03»3  t-  N 

mix:      ozzo-Hutjoz  r-i 

033— l>-l«'Ullr-IIIIIH      •  O  (£ 

_j«/)i/)_i       -i^a      Q.aQ."-<  z  3 

000<0  —  D303D<—  —  O. 

(Tujujuoazooov-iua  u.  to 


3  Z 

z    • 

z  z 

—  II 

<  -) 
■ 

fvj  m 

a   r-H 

D 

a.  O 
10  a 


m  z 

♦  o 

. o: 

->  -^  u. 

-)  ~t  Ml 

—  —  i- 

<  <  < 

•f  +  o: 

•-<  (N  UJ 

a  a  I- 

3  D  — 
a.  a. 

1/1 1/)  _i 

H    H  < 

»-l  <M  I-. 

K  a  f- 

3  3  — 

a.  0.  z 

to  10  •- 


to 


a  z 

3  3 

a  to 

to  V3 

I  UJ 

-H  I 

Z  <N 

3  a  o  —  a 


<«i 


*  " 
IT  — 

•-•  a 

to  o       •-' 

I  —  00  u. 

cc  u.  .-•  ^  .1 

rg  to    •  K  U. 

to  in  CO  <-"  "V 

•  <  -<  to  <E 
rt  —    •  *   UJ 

•  U.  U.  h-     •  4i    rn 


tODDU.3    •rMt-i~i-.-irg    •»\j 

oaztouo       >  m  K  ^  t  CM 
ujtoicDii    HO>-irsjoa:ii    nO 
H    HZ<Q:Q:i-u.u.toc:>Q:a:)- 
a  cr  »  ~  <  <       unn— << 
i-irg<-iu.iDa>0(Ma:Ku.iciiDO 
intou.  —  x>-ou.ciuj  —  K>-ta 

■9  it\  t^ 


o  o 

N    — 
OL  to 


lO  o 

—   R 


I 

UJ 


to 

tQ 

< 
I 

< 

to 

>■ 

u. 

lA 
CD 

< 


\J> 


VJ1 


n 

o 

O  O 

O 

.^ 

O 

M 

M 

t^ 

O  ~n  M 

II 

o 

II 

II 

-^ 

^-1 

o 

3J 

70 

*■ 

z 

II 

* 

-H 

-1 

*  c 

o 

^ 

« 

•-• 

;d 

o 

• 

o 

rv) 

-* 

** 

e 

1 

+ 

(_ 

<_ 

M 

?■ 

o 

2  C 

N» 

1 

1 

C 

^^ 

m 

-< 

X 

(-' 

« 

CD  OD 

z 

vO 

rj 

> 

> 

c 

« 

XI 

73 

o 

r\) 

ooo  70  -•r>oc7C7"na:(nc<oa)oa>o  </> 

ivji-'f  m  "n>iiOiiO^<j>'v>'-'-~0--o  ri 

X  —  ^  2            r~s       >;o—  nunc       7^  > 

nun  o  —  f~>u)a)X-4>>>  —  v>»— w  i~ 

ooo  <  d      xa>c/>>r'i(J>a>CDiiuin'0  m 

•   ••  m  i—(/i^-       "n-t      (/>oi/>T3       o 

—  n-n?^  —  —  0"n-n-n  —  t_»7^  O 

7^  >—    nCDOJC  —  ^ l_M  II  O 

2      *-r"ONj— i-icDa)a>«t-      >-'      a: 
O       ^rn»»^-      T3 2»       •       2 

«         »—  >S—  — Cu>rMi-.   +  X        <> 
2  *-OCD l-t— i-< 

>-••(/>  m      — _  —  — 

7)      »cD'n  7)-i+  +  + 

o       *••—  >>>>> 

O         UJXO)  -(•DOJCDCJJ 

—I  — —  mi"n  (/>(/)(/> 

(/>  7^  iM      -n  Ti  fi 

—  o  o>  ~  —  ~ 


u> 

u) 

v») 

*• 

u) 

rs) 

T) 

-t 

„ 

O 

-^ 

n 

-n  o 

r- 

1— • 

• 

• 

2 

-1 

7^ 

o 

1 

o 

+ 

7^ 

•-« 

— 

M 

<— 

v>> 

^ 

i-<xa:-n— ■Drsi  —  o7io7)S(/io-ias 

00  01  73  II   -n  —   n  -n  >  II   O  n  !-■   n   o  n   o  u 

■  >>  —  -n  —  f-'O  —  i-7)        iiiifl        I        ij) 
7373-ir~T3«   •  Mr"  +  rjxr~  —  u)>t>) 

liinmo  —  2  —       "Doooj+Ci*-—  *■ 

-<x        >i-'C  rjo-~        >UJ2        7^ 

CBOJO-i*—  -o<r-i_73*-ni-»    7^ 

>>C"n2M  •-Ti«n*x—   iiT^ii 

■  70  :X3  -t  ~  C  <-  lj)-4t.2"0"n>-'H-+2 
♦    •TJT^—  •  focn  —  c—  —  ••■-•C 

i"n-nci— m  •-i*»i-x«z—  • 

-I2lj)l  IVJ         >7^.-n^>)  2 

COi—  O 7^  "  » 

— I—  •O  rsJT^        «  c/i\ji 

>>,w*  — ♦        +—   I 

T3  -n  o  TJ  (_       -<       "n 

m  r  •   —  —       OJ       r- 

O  r\)  ►-•  >       O 

o^  >  --J  *  X        > 


(S)  ISJ 

-n 

II    09 

a>  > 

X  • 

□1 

O) 

OD 

«     M 

— • 

-^ 

«^ 

m  » 

o> 

VJl 

*• 

1-  X 

^« 

.^ 

^« 

Ul  OD 

«« 

-^ 

•^ 

•  > 

»  n 

«  « 

u>  -< 

X  09 

•    > 

m  » 

M  -n      c 


X 

2 

O) 

1 

> 

2 

73 

C 

« 

+ 

-< 

!-• 

CD 

— 

> 

OD  rvi 

X  « 

•  O 

m 


C/1 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

■^O   Njr\jNihjN>NjNjruroNjrvjrNjf\jhjMr\jrviNjh-i-JH-H-»h-H-i--»i-'i-»i-ji-»fr-*h-'i--»>--»-»i— i-'h-i-'»-'»-'i--'i--»--t»— 1--^ 
"^   h-•■-•l-'■-'l-•■-•>-•l->oooooooooo^o^oo«'0^o^^o>o(B(BsaDOBaocBa^oB(B^-g^-g-J^~J--l^--J(^(^(^(^(^o>oc^ 

On   -ga^ijt*-v>)i>ji-'o^a>->iO*vi>*'u>K>»-'00oD-jo*iji*'u»Nj»^0'OaD-jo^vji**u>rj»-'0^a9->ja^vji^>^rji-'0*ooD->jo^ui^oiro 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 


^ 


oooooooooooo 

«-if-<iMrgrsjfM(\jrsji,  .,.,., ,^^^^^^,,^,._._._._._._._-_._.^^__^^___^.     .     ,     , 

rgrgr\»rs(r\jrgrgfNjfsif\jrgf\jr>jfsjr\j(Nrurg(\jrgrgrg<\jrsirgpgrgr\irsj(Njrgrsjrgrgrg<Nirgrai\(rjpgrgr*4rNir»jrsif^ 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooocoooooooooooooooooooooooooooooooooooo 


q: 

•-.• 

* 

M 

CM 

o 
1 

o 

1 

^ 

— 

f 

^h 

t-M 

a 

^m 

CM 

CM 

rM 

r-4 

-H   <NJ 

fM 

1— 

►- 

10 

Q 

O   Q 

d 

1 

1 

^ 

V, 

^    •-. 

^ 

•-I 

q: 

u. 

*- 

,^ 

—.    ^ 

,^ 

..H 

^n 

CM 

<o 

** 

*.^   *^ 

— 

^- 

H- 

CD 

0> 

« 

—  m 

* 

CM  in 

<»> 

«- 

«» 

^* 

< 

* 

-^ 

« 

^- 

•-•  • 

ta.  -^ 

— 

« 

♦ 

C£ 

+ 

» 

CM 

*— 

•— 

UJ  <o 

CD 

ic  to 

CO 

k-t 

UJ 

< 

«^ 

o 

« 

t~* 

r~* 

•  in 

* 

*  * 

• 

f-4 

r-H 

1- 

CO 

□: 

in 

— » 

* 

lO 

1/) 

q:   • 

(VJ 

1— 

1- 

< 

>- 

.-I 

* 

o: 

q: 

+ 

* 

UJ  m 

* 

CM 

fM 

in 

.»    ^0 

in 

1 

+ 

(£ 

10 

o 

< 

< 

CM 

ac 

^^ 

•  m 

m 

* 

* 

^ 

«^ 

^•m 

UJ 

U. 

^ 

m 

CO 

CO 

* 

w-t 

** 

t^  *^ 

ro 

«N 

tA 

* 

* 

(O 

CO  CD 

CD 

Q^ 

t— 

t- 

</) 

u. 

'-' 

V 

>■ 

* 

1/) 

q: 

e  — 

1 

* 

<NJ 

-3- 

•* 

If 

+ 

1     + 

1 

CM 

1- 

CM 

•" 

< 

to 

CO 

X 

* 

• 

• 

q: 

* 

• 

ri 

—  * 

•  UJ 

IN 

<o 

,~, 

_ 

>o 

» 

r-t 

r-l  CM 

<M 

1 

1 

1- 

+ 

< 

w 

CM 

* 

» 

10 

CM 

in 

u.  in 

Q  — 

CM 

* 

c 

,-H 

rg 

•* 

(D 

ID 

— 

v.    .^ 

^^ 

a 

X 

-^ 

^- 

u. 

*- 

'— 

m 

1 

1 

• 

10    • 

*-  *-i 

* 

m 

* 

Q 

w 

w. 

• 

+ 

+ 

m 

CD  CO 

m  cc 

i_ 

t^ 

lU 

or 

• 

10 

^ 

>. 

•o 

— . 

a 

•-• 

r-t 

(D  * 

I-  Ul 

* 

^H 

IM  w 

• 

Z 

CO 

dj 

in 

»M 

ISJ 

* 

*    * 

* 

1— ( 

»-< 

1- 

1— 

z 

< 

o 

CD 

• 

• 

• 

• 

CM 

CM 

in 

<  m 

cr  + 

rg 

Q 

O  Q 

CM 

< 

>> 

^ 

-» 

4< 

» 

«« 

«ii>  ^i. 

^^ 

o  o 

^ 

^ 

(-1 

CD 

1 

o 

< 

i-H 

^ 

in 

rn 

10  10 

• 

««   • 

ooc 

o:  —  O 

O    + 

+    + 

+ 

* 

» 

fSl 

in  c»i 

•o 

+ 

+ 

:* 

* 

UJ 

+ 

X 

f- 

o 

1 

+ 

+ 

<o 

1 

t^ 

* 

* 

<n 

U.  CM 

^ 

l/>  UJ 

UJ  UJ   + 

>~  cr 

"  a 

r-t 

f\J 

ro 

a 

ac 

o: 

o: 

I 

>- 

U- 

+ 

3  < 

"-• 

cc 

— 

o  <o 

O  O  in 

m 

X  * 

a 

+    +   CM 

rsj  *-t 

•— 1  f\i 

CNJ 

*/) 

• 

• 

^ 

CM 

CD 

(C  CD 

(C 

^ 

_J 

UJ 

CM     • 

O  O 

o  o 

O 

CQ 

o 

to 

o 

CD 

» 

t— 

t- 

1- 

1- 

-1 

10 

• 

II 

o 

Z  CD 

lO 

10  r-l 

_i 

« 

o 

#-* 

* 

* 

*- 

• 

O  q: 

tr 

• 

O 

*-« 

UJ 

UJ 

r^  ^  • 

1      H 

II  II 

II 

o 

II 

II 

II 

II 

V 

03 

CD 

II 

II     U 

M 

II 

II 

II 

II 

o 

H 

CD 

t-l 

^ 

t- 

1    V 

u 

II       1 

CO 

in 

>- 

1 

I 

I 

O  O  Ifl  o 

UJ  o 

t- 

_i  in 

1 

1 

W)  10  rt 

II  a 

~  a 

z 

q: 

a 

II 

a: 

►-  cc 

(£ 

cr 

»-« 

z 

>- 

< 

<^ 

a 

z  — 

>-• 

q;  o 

• 

^D 

II 

II 

*- 

II 

n  — 

II 

a 

_i  ~ 

II 

II 

H   n  CI) 

<\l   r-l 

.-H  (M 

CM 

r-l 

CM 

CM 

Ll. 

,~t 

f\J 

— 1  CM 

CM 

,-f 

fSI 

nj 

_l 

II 

u. 

< 

o 

II  u. 

r-H 

CM    II 

u. 

II 

o 

II 

cc 

^* 

u. 

a  u. 

•-I 

a:  o  <  u.  Qc 

•-• 

•-<  CM    U 

o  o  o  o  o 

ll. 

►- 

1— 

y- 

1- 

O 

O  H- 

1-  1- 

h- 

I/)  CO  CO 

to 

u. 

_l  o 

s: 

o  o  — 

t/)  c/>  O 

"- 

I  O  I  O  (3 

"" 

UJ 

UJ  ~ 

UJ  UJ  o  u  — 

UJ  UJ  O  O  13 

■* 

0^ 

in 

<o 

^ 

(M  <0 

c^ 

CM 

fn  ^ 

in 

« 

J- 

<t 

* 

•* 

*  •* 

•* 

in 

in 

in  in  in 

m 

o 

m 

*  r- 

m 

^0 

<o 

<o 

•^ 

-~l 

~i 

o 

o- 

•J3  Ol 

f 

o 

70  -< 

^  ^ 

■< 

—  ;o 

z 

c 

^  CD 

"H  -n 

00 

-n  -<  c 

m 

_  > 

-^  -^ 

> 

~   PO 

o 

—  TO 

:a3  2 

33 

>  — 

II 

> 

2    11 

-1  C 

II 

CD  Z 

2 

n 

C  > 

-<  o 

O 

cn  c 

C 

n 

O  CD 

—  1 

• 

-n  o 

o 

m 

—  cn 

2  2 

-^  ^» 

+ 

■D 

II   -n 

c  c 

-<  II 

t-* 

-H 

-<  — 

o- 

CD  X 

OD  -< 

1 

>  CD 

^* 

>  CD 

►-•  -o 

;:d  > 

X 

70   > 

-^  • 

—  ;d 

CD 

70 

J 

1 

> 

— 

^  o 

• 

;d 

a-  ■• 

o 

« 

o 

-< 

-J  o 

^-1 

CD 

o 

♦ 

> 

-J  ^  -J      -J  c^ 

ui  i\)  >-■       o  *• 

0-<0X-.-^  —  CDS 
OOT2l|-n-T1-Tl|-> 

>rio —  >-■  70 

— t?orTi«    oo-<ii7^ 
O   II    II        2  ro  CD  !-•   H 

o  >-'       o  *  >       r\J 
o>  •    •  m  >  3D 

U)  —   CD  — 

^  tn  ->i 

UJ     Tl    >-• 

■~4    -i    f 
vj>  CD  O 

.    >  o 

!-•  33  • 

O J 

O    I    »-• 

o 


o  %o 


Ol    1J1   Ul 
^   -J    •»! 

rvj  o 


a> 


—  33  O  ■ 

"n  O  rn 

(-  r-  • 

—  o  o  ' 
r-  II  r- 
(-  33  o  I 
-<  2  II  : 

I  m  C3  I 

•-•  «  m  : 

■ji  r- 


OCDO0D-<X---'X  —  -•330  — 

Or-or-cDCD"T|-n>"n"nom"n 
>-•       h^>> 33—       i-r- 

-Ill-(II3333CDC37^X~00   — 

o  ►-  o  o  II   II  n  m  II  2  r-  II  i~  CD 
•        •    -<xi->r"v*>mi~ij»c3r" 

<f         *-         CJJCD—  2         C-<»llH- 

uj       OD       >><^n        II        o  — 

X)  33  i-*  «:         •     I-"         > 
I     I    •      I  ^  (Ji         T)  ui 

-<  X  c^  •         *  —  -J 


•  o 


O  1- 

i  >-•  r-  *■ 

*  O  . 

m  —  >-• 
■o  *■ 

(/>  o>  • 

r>  •   o 

>  tn  o 

-Q  OD 


vji 


C3 

t- 

m 

-< 

1- 

1 

2 

u) 

m 

— 

c 

t^ 

1 

r\j 

IS 

« 

> 

(> 

X 

M 

*-• 

« 

■n 

*J1 

"• 

^ 

o  ;d  c3  -<  -<  X  X 

II  2  rn  CD   II  CD  II 

>  rn  r-  >  CD  >  I 

CD  C  2   3)    *  33  O 

cn  II  m   II    O  II    * 

-Ti  3  c  -<  r\J  X  o 

—  ."H  It  CD  's  CD  f-* 
X  f-  >  >  O  >  ^ 
CD  2  CD    33          3)  O 

>  ^  cn    +          + 
33  £  -T|   -<          X 

—  ^  — 
+  C3  X 

>  -n  — 
03  (~  + 
cn  O  > 
-n  r  I  J) 
~  J  cn 


oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

0OO0OOO0OOOC300OOOO0OO00000OOOOO000O0OOOO00O0OOOOO0O00OOO 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
v>)c»>u)^>>wvJJV>)v^v>3wuJWUJulu)u>v>>UJ^JJWv>)wv>>«^^>>cuc>>u>v>>l^^J^J^J^J^s>^J^\J^Jr^>^Jl^J^^J^J^o^J^JNf^Jr^Jr^J^^ 


>oooooooooooooooooooooooooooooooooooooo 
v>JUJv>Jv>l^A)v>Jv*Jv>Jv>Jv>^oJvwuJ\MUlu'v>«^«J^JJ^>>v>)wv>>«^^>>cuc>>u>v>>l^^J^J^J^J^s>^J^\J^Jr^>^Jl^J^^J^J^o^J^JNf^J 

Njr^rvjr\jrv)(\3i\)rNjrsjroh-tt-it--»»--HJ>-*H-tH'»-'i--»oooooooooO'0>oovO^'OvO^-Ov00ooDooooOD<»aD(330oa»-j->j-g^-^->j 
»ooo-J<^\Jl^v>>^Jl-'0^ooo^^cp*•w^JH-oooo^<^'Jl-P•u»^i^-•o^ooo-Nla*^J>*•c^>^ol-'0^oo-^c^*J^-P•w^^>^-'0>oc3a^o^>J1^ 

f^     ^~\     ^~\     i-^  ^^  f^     ^^  ^^  ^^  ^^  ^^  /"^  ^^  ^^  ^^  f^      /~N  /^  J"^   -^   ^  ^   —•   ^  -^   ^  -^  -^   ~.^   —   —   ^_^~.— .— .—   —   _^..~..^^_  .-_   — »  —»   _.  .A   *-»  ^»   ,^   ^^  .^  _ 


OOOOOOOOOOOOOO 


ioo-Nia*vj>*'curoi-'0^oo-^Ch*j^-P*wr\>>-'0>oc3a^o^>ji^ 
ooooooooooooooooooooooooo 


Ob 


oooooooooooooooooooooooooo 


<*%  1*^   (*^   f*^  fO  f<>  (*>   f*^  («>   C*l    fO  <*^   rO  (*^  fO   f*^    f•^  <•>   (*^    l'^  (*^  C*^   <^  (^  C*l    (^  f'l  r"!   t'*  ('I   ni   I'l   ('I  *'t  r"!  I'l  t^i   »'i  r"!  t^i    r"!  ni  t'l  f^i  t^t  1^1  n>  f't  1^1  t^i  l»l   (^   I^  c^  (Ti  fTi 

oooocooooooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

a 


•s. 

o 

*v 

< 

1-1 

z 

*^ 

<o 

X 

t- 

CO 

o 

Ifl 

• 

r-4 

UJ 

in 

* 

»- 

•M 

X 

• 

» 

o 

Mi 

in 

rH 

2j 

!-• 

»- 

Q 

*« 

K 

1-4 

a 

< 

y- 

< 

O. 

^ 

< 

<-» 

q; 

oc 

« 

-1 

< 

UJ 

in 

< 

£ 

»— 

1 

Ui 

» 

»-• 

UJ 

K 

V 

• 

X 

-I 

I 

•*  •-< 

o> 

_l 

h- 

—  1 

• 

«« 

» 

•-H 

X 

UJ 

«^ 

• 

in  rg 

^> 

•—1 

T 

o 

m 

«  K 

rg 

(«> 

3 

»-4 

(Si 

•  3 

Q 

>v 

a 

Z 

» 

* 

in  Q. 

"v 

10 

a 

X 

* 

-* 

«0  10 

— » 

z 

•^ 

rg 

^~ 

^o 

1— 

-   1 

— 

o 

-I 

1- 

O 

O 

O 

•  <M 

(SI 

rg 

OD 

cc 

» 

3 

D 

o 

o  s: 

Q 

^— 

>— 

a 

00 

z 

Z 

o: 

C  Zi 

>^ 

(D 

< 

^ 

• 

«. 

-^ 

O  <f) 

— 

*- 

.-^ 

* 

q; 

a. 

o 

o 

»-• 

•t 

^- 

o  o 

■— I 

a: 

•^ 

•-■ 

UJ 

X 

O  fM 

1- 

1- 

X 

rt  UJ 

r-l 

t-H 

in 

O 

1— 

»-4 

-" 

z 

UJ 

(T 

CK 

UJ 

1  — 

o  o 

— 

1 

t— 

f-H 

rg 

ru 

1 

1 

z 

o  u. 

« 

♦ 

m 

^-^ 

• 

*- 

* 

a: 

C\g 

♦    10 

-^ 

.— 

4i 

in 

UJ 

X 

>■ 

* 

1- 

X 

* 

,-4 

I/) 

—  CD  in 

in 

•-■ 

— . 

C£ 

■^ 

»  -^ 

^• 

K 

<M 

• 

1 

o 

—  < 

w 

^ 

a 

(D 

a; 

UJ 

X  — 

u. 

• 

^^ 

o 

a 

—  + 

ID 

m 

+ 

* 

Ui 

z 

•  (D 

^ 

cri 

UJ 

o  o 

D 

< 

1 

+ 

o: 

3 

•— ■ 

03  — 

m 

3 

o 

3 

f-t 

Z 

— 

X 

oZ 

ec 

*-• 

rg 

Q 

o 

cr 

•  u. 

»- 

OC  O 

_) 

z 

Z 

o 

t-H 

o 

—  oc 

r-t 

p-4 

^» 

w 

< 

a 

1- 

<  1/1 

+ 

< 

< 

r-t 

f-H 

•-• 

1 

1- 

u.  3  O  O 

m 

* 

_i 

o 

—  CD 

rsl 

m  uj 

> 

or 

cc 

* 

(»^ 

1- 

o 

>/)  a 

* 

« 

* 

• 

X 

a 

o 

1-  < 

* 

** 

>-  a 

Z 

.— 

1- 

1- 

,-1 

,_« 

» 

oc 

o 

UJ 

OD  10 

-^ 

— 

oc 

rg 

c^ 

I 

£K 

t£   • 

* 

in 

~  < 

UJ 

a. 

q: 

q: 

o 

CO 

-*■ 

z 

t— 

<  1 

fM 

rg 

o 

1 

i-H 

r- 

o  - 

^> 

• 

u.  ►- 

o 

< 

+ 

+ 

» 

00 

* 

< 

+  -■ 

•^ 

^- 

<SI 

*^ 

o: 

» 

• 

UJ 

10  < 

u. 

* 

>A) 

u 

(NJ 

» 

■a- 

in 

•— 

a 

—  Z  m  m 

« 

* 

< 

X 

X 

a 

X  — 

^ 

-^ 

m  1- 

UJ 

s- 

■s. 

O  CO 

t— 1 

• 

1— 

UJ 

a  z> 

*- 

*- 

If 

• 

03 

o 

•-I 

<  u  u. 

< 

< 

<  D  O 

o 

3 

D 

CO 

» 

^«^ 

II 

oc 

1- 

-I  w  ♦ 

* 

^- 

(SI 

> 

m 

»-i 

3 

1/) 

"^ 

1 

1  a. 

X 

t/1 

Ul 

— 

(«> 

IX 

^-« 

^^ 

1 

f-i 

O  o 

• 

• 

o 

1 

^* 

o 

a 

o  UJ  m 

'-' 

(M 

u. 

«o 

H     1- 

u. 

• 

13 

O 

cH 

CO 

< 

3 

rH 

It 

_  UJ 

(\J 

(SI 

+ 

a 

U. 

X 

I 

*o  z  < 

u. 

• 

** 

• 

oo  —  n 

,-4 

,-i 

UJ 

UJ 

z 

«-. 

CD  en  Z 

1 

— 

z 

u.  — 

+ 

+ 

(SI  < 

10 

m 

t-t 

f-i 

•-■  «^ 

1- 

<-* 

*- 

>■ 

en 

r-  o  o 

fc^ 

X 

U 

» 

II 

II 

1 

a 

>- 

(M     1 

o 

o 

o 

• 

<A  U- 

^^ 

.— 

* 

<D 

CD 

(SJ 

«- 

» 

X 

t-  u. 

a 

» 

u. 

\ 

• 

D 

1- 

< 

o 

rsj 

O  < 

O  D 

D 

1- 

o 

ffi  tn 

<«^ 

•O 

* 

X 

< 

z 

t- 

X 

UJ  D^ 

o 

<-i 

»- 

(D 

•* 

O  Z  UJ  < 

O 

s: 

_J 

H 

T. 

Z 

DID 

II 

O  3  Z 

Z 

s 

H 

<  GO 

^^ 

^^ 

C£. 

n 

II 

O  o: 

< 

rg 

_J  O  X 

irt 

^• 

ct 

♦ 

— ' 

1 t- 

z 

u 

o  o 

3 

3 

z 

>- 

oc 

t-  Z 

^. 

UJ 

UJ     • 

—  <f 

CD 

(D  o  a: 

K 

t- 

3  Z 

(SI 

a. 

CK  < 

* 

< 

o 

m 

X 

Q' 

>- 

Q. 

_l 

_J 

to 

lO 

< 

■-« 

•—1 

z 

o  o 

u 

II 

II 

< 

< 

1- 

a 

1-  o  Z  m  z 

u. 

*- 

lO 

• 

•-■ 

O  t-  a  O 

_J  <  UJ  o  o  o 

u. 

U- 

(SOU. 

1- 

»— 

Z    1) 

u.  u. 

oc 

►-< 

(SI  m  CD  o  UJ  o 

o:  z  o  3  « 

H 

U. 

n 

n 

u. 

o  q:  s  u. 

_l  U  Q 

a. 

UJ 

UJ 

V 

o  — 

q: 

(X 

< 

O   tvJ 

*-•  •-• 

a  aa 

X 

>-  o 

ir 

u. 

<  UJ 

u 

in  u. 

U. 

•-" 

>- 

X 

•-' 

(-< 

in 

•^  CO 

m 

o 

,-1 

m 

(-* 

<r 

<o 

.-H 

«-H 

v» 

I-* 

r-  ?-• 

CO 

CO 

a> 

m 

00 

eo 

o 

•"• 

o 


<  —  z 

u  >o  •-   m 

m  —  X    V 


—  X 

en  u.  V     t-  ►-■   ■ 

l-IDZ         3in«~liZ 

oa*o:      oz(si  a: 

x>-i-oin3      Qcuj      r-i  ~  :3 

I     I  (/)*»-Q(QZII  ~»-0 

IIIIOIIHUJZ3>-         0~-UJZ 

x>-ox>-(ruji/)Oi/>ocDauj 
*  (SI       o  «-• 


INJ  Ni  N)  rsi  rj  iv>   I 

•  •••••    ni 
o  o  o  o  o  o  X 

o  o  o  o  o  o  o 

•  •••••    c 

O  O  O  O  O   O  -4 


•    ■nmmt/>(/im(/ir-cn-><fl>|-tntAr>i-'Otor-t/ii/)(/)mo>-r>2i/>m-i 

H-       -•22r--i2-<o>2>x)oi-r->i-'>-iof-r--iz  >>->or-20 

o>^oo•o^oo       2C70<_>>>>c>r-i/>>c.i_r-       r->j>L.i_J»>i~       i-T3i_-(m 

"-  I-      r-  (-       r-  ;o  2 

(o  -<  -1 

CD  ^  O  I-*   i>)  N) 


OMO    •(mO»-'*N) 
<  «  *  —  <  +    «■ 

-no  <n  -n      r\» 


o  o  o  o  o  o 


♦  O  m  o  c/i  fNi  II 

♦    OHO 

m  o  c/i 

♦  o  o 

♦  <  xj  <  m  —  o 

♦    <  CO 

X  <  m 

*  <  < 

-n  7)  -n  f-  o  •-• 

-n  tsi 

;n  -n  f- 

-n  -n 

r-  o  i~  m      • 

i/i  "-• 

O  n  m 

CO  (/I 

c  »  c  n 

m  O 

;d  c  n 

m  m 

♦      -1 

-1 

•           -4 

-1  -1 

« 

* 

O 

< 
■n 

4W 
O 


oooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooo 
ooooooooooooooooooooo  ooooooo 

H^H't^l-^OO  OOOOOOOOvOvOvO-O  *0>0»0  nO»O»O000000O0 
o>r>j»-*0*oaD-^^vji.^ojr>jH-'0>oaD-^Ovji-^u>iM^-'0^oaD-^o 
oo      ooo      oo      oooooooooo      ooo      ooo 


Ul 

z 

~  lf>  «0  CO 

or  *  lo  ro 
a.  T->  ■wt  ■wi 

UJ  LU  111 

— I  o  irt  o> 
OD  (M  «  rv 
a  »  n  r^ 
*  UN  »-< 
a.    •    •    • 

CM  «-<  T-l 


z 

"-  K>  r^  f^ 

Cr   K>  CM  (M 

a  T-<  th  <-• 

www 

_i  ro  «o  r^ 

CD  rv  ^  o 

o  n  m  o 

<^  «H  IB 

Q.     .     .     . 

lO  (M  ^ 


UJ  «-  <o 

■o 

X  V  fO 

ro 

— •  »H  «H 

»H 

K  UJ  LU 

UJ 

a.  »  o 

rv 

*  rv 

« 

tH 

Q.  <0  CO 

r<. 

o  o 

«-• 

»— 

•   • 

• 

Crt 

r^  w 

CM 

UJ 
C/) 

o 

M  «^ 

«> 

•— ( 

V  ro  CM 

1- 

»-l  iH 

•H 

4 

a.  UJ  Ul 

UJ 

CC 

tv  <^  CM 

UJ 

O  o 

T-t 

»- 

rv  o  ♦ 

*-• 

♦  r^  CM 

•  • 

• 

» 

*  »^  * 

UJ  CM  u>  m 

I  fO  CM  CM 

•—    T-t    ^    T< 

ex  UJ  UJ  UJ 

a  fo  «>  in 

■«■  ♦  UN       »-< 

CL   K5   »-t  »-4 

«  CM  W         •- 
...  </) 

<-•  «  r>       Ul 


O 

o  i»>  r^ 

.-• 

ro  CM  ^ 

»- 

«-i  «-i  r-i 

■< 

a.  UJ  Ul  UJ 

a. 

t4  a>  CM 

w 

o  OD  CJ 

t— 

<o  o  oo 

.^ 

«  rv  o 

... 

w 

«  <H  CM 

o 

o 

T. 

^ 

w 

UJ 

Ul 

o 

UJ 

z 

lO 

«> 

u 

CO 

o 

o 

f^ 

Pv 

*^ 

CM 

c^ 

q: 

o. 

^* 

CM 

<D 

< 

to 

4 

<o 

CM 

_j 

CM 

oc 

<«■ 

« 

3 

« 

UJ 

<o 

^ 

C3 

* 

1- 

CM 

»o 

Z 

o 

•— • 

. 

. 

4 

. 

»— 

CM 

1 

1 

1— 

i 

UJ  X 

a:  4 
CC  a. 

II 

II 

1— 

11 

UJ 

3  • 

to 

■Jl 

ft 

LU 

U>  C3 

UJ 

o 

O 

O 

4  4 

3 

«I 

^ 

•< 

_l  X 

-1 

a: 

-1 

CC 

to^ 

'•X 

.— 

4 

«— 

> 

Z 

UJ 

C9 

.-• 

Ul 

u. 

o 

o 

o 

cr 

O 

tfl 

111 

Ui 

o 

UJ 

z 

CM 

CM 

u. 

CM 

o 

c^ 

CM 

CM 

!-.« 

!>. 

•* 

(T 

■* 

1— 

9- 

ri 

4 

<-• 

4 

1^ 

t4 

-I 

»-l 

cr 

■rt 

rsj 

3 

CM 

UJ 

^ 

CM 

C9 

CM 

1- 

o 

>o 

Z 
4 

<o 

1- 

1 

1 

CC 

1— 

1 

UJ  X 

oc  4 

tr  Q. 

II 

II 

»- 

II 

Ul 

3   • 

/5 

Ul 

7) 

UJ 

C3  O 

UJ 

o 

o 

O 

4  4 

3 

4 

X. 

4 

_l  t 

_l 

ir 

_l 

CC 

■— • 

4 

— 

4 

> — 

> 

Z 

to 


^  o  ^ 


i-  UJ  UJ  UJ 

rr.  »-i  po  CM 

<  «■  o  o> 

(1   >o  o  (^ 

o  V  o> 

_i  <D  »  T-t 

4  in  r»  »H 
UJ  CM  »-i  •-« 

T    ^0    «3  O 
f»>  lO  KO 


1—  Ul  UJ  UJ 

UJ 

CC  *  O  l>- 

rv 

4  «•  in  fv 

rv 

a.  c>  ro  CO 

<o 

act  •o  o 

^ 

_i  CO  in  o 

o 

4  in  o  o 

■o 

Ul  V  ro  CM 

CM 

'T  »0  «0  <0 

•O 

«0  (M  M 

Ol 

Ul 

o 

_i 

Ul  Ul  Ul 

4 

1—  1—  »— 

> 

•n  -t  -t 

Z 

CC  cr  CC 

UJ 

Ui  UJ  UJ 

o 

UJ 


I-  (-       > 


a:  a:  CC 

Ul  UJ  Ul 


m  rn  rn 

X   X'   X 


<r         — I  — . 


c>  rr  rr  m 
m  X  3;  X 
^-        »•  >   f 


O 


^  ^  v>. 

A. 

Ul  o  c> 

rt) 

<0  0>   CD 

«» 

M    00   l-« 

f- 

sji  o-  ro 

o<  <o  a> 

o 

H*  OJ  ct 

t» 

<J  OO  VI 

X 

(Ti  m  m 

H 

C-'    O    C3 

o  o  o 

o 


>>   O    O    A. 

ro  ro  o>  ni 
u  a>  o  > 


VII  t-»    O     11 

ro  vj>  a>  X 

m  m  m  -t 


M  Ul    «  )-•  111 

or  a>  04  »  » 

w  C.J  w  »■  i~ 

►-»  I-'  r\j  A 

w  w  »-•  xji  u 

o  u  ct  ^  > 

t-"  M    h'  OU  J 

iti  m  m  m  H 

CD  C3   <Z>  CD 


VJI 


Ml 


n  c? 

rr 

(/ 

rr 

ty. 

•    c 

— t 

m 

II 

II 

■1 

-D  X" 

—J 

>•   X 

1 

X 

1 

1 

X'  rr 

PO 

^- 

ro 

<o 

— < 

• 

> 

• 

^- 

i>j 

^ 

IV) 

»> 

— i 

<x 

(7> 

a> 

«v 

m 

l\) 

C 

fO 

M 

X) 

a> 

~ 

(B 

» 

•     C 


m 


o 

z 


'O  vi 


»  M  ro 
u        ... 
IB  vn  09 

"  o  ro  o> 

-1  o  ro  >j 

en  t-*  a>  <o 

X  rr  rn  m  "C 

>  M   ».»   l-» 

— (  >J  OB    4> 

►-  ^  CM  Ol 
O 


Ol   CaI  t-' 
C4  ... 

>j  ro  f\> 

—  a>  >o  o> 

m       o  »-*  lO 

X       rn  Ti  m  X 

-H       •"•  ro  PO 

—  Ul  Oi  >J 

o 


(B  'O  09 

.-. 

ro  u  o> 

-^ 

vl  O    >l 

m 

<ji  ro  OD 

X 

m  m  rr  T) 

» 

MM*-. 

-H 

U   &   Ol 

.— • 

•O  01  04 

o 

<£ 

(/> 

m      i\}  M  » 
in       ... 

-,      o>  <o  <o 

A  O  l\J  "D 

i-»      »-•  «^  <^ 

A  M  »   "D 

m  m  m  ^ 

i-»  i-»  i-»  >- 

CD  OD   <0    2 

01  VII  A  m 


U  M  O 

VIl  O*  ^  "D 
o  »  » 

a»  OB  o  T> 

m  m  m  ^ 

ro  (\)  M  -s 

vj  vj  O)  rn 


vn  t-*  !-• 
•o  ro  ->i  TJ 

M  o  <o 

vn  o>  <o  T) 
m  m  m  X 


Jk  <o  o« 
»  «  vn  D 

fo  a>  ro  (D 
u  vn  »  r~ 

TI  m  m 

I-*    H*    t-»     X 

S  OD  tO   X 
>j  VI  o.  — 

2 

m 


vn  o>  H* 
o> »-»  ^  o 

A  <0  VI  (O 


ro  IN)  u  X 

OD  OD   O  >~ 

3 


■to  Vfl  Ol 
...      X 

VI  VI  ro 

o  V»l  VI  o 
a>  vn  u  m 
oi  vn  VI  r~ 
m  rn  m 

I-*  l-»  l-»    X 

to  to  vn  X 
•o  o  o>  — 

3 


rvjH»^'jio>g04'Ot-»'^'Nji-*i-»OJi3>a>0'0'J>04i-» 


o-  o  »- 

?\J  •-»     W    vj 

0>    O     Oil  ^   O     VI    vi 

a> 

'^■O   o 

C3 

« 

M   O   -O 

\J1    VJI     *    VI 

ro  -o  ■«»  *  >-»  oj  vji 

A 

O  -O    A 

VI 

Ol 

Vl     !\J    1> 

»-*  rv)  v/io 

-o  as  ^o  OD  I-'  ►-»  o 

o 

to  <J    vJl 

vl 

»-» 

■O    O    <JI 

^  »  <o  A 

VI   C>0     (J1  \J1  «    'O 

a> 

&    VI    to 

O 

(9 

^    >    * 

^J1  OJ  ODO 

OD   H»    rO    VI  O     O  C3 

« 

to  ^  O) 

»-• 

^ 

<-•    ^    \J1 

■fc  ►-    Vil  o< 

a>  04  vii  <o  (7>  ro  A 

>-* 

w  ro  o 

o 

O 

VI   OB   OD 

VJI  OB    O-    » 

*  VI  VJl  OD   O  •-'  o 

OD 

H*   C3     VJI 

Oi 

OJ 

H*   C    OJ 

O  O     IV)    VI 

>0    t«l  >C  M   »-•    VI  vC 

a. 

rvj  o  O 

h-» 

to 

GD    VJI  vj 

a- 1\)  »->  o 

vji  oi<o  o>  nj  iM  u 

FVJ 

f-»    Ul  CD 

H* 

to 

vn  vnt-» 

VI  VJ1   »  u 

M   L><  VJl   ^l-*    W  OB 

u  a>  ro  vi 

l>J 

VJ 

»  CD  o 

(>>  -O    Ul  00 

f>J  H*     <^   VJl  VJ)  H*    »-» 

H* 

M    to   C«l 

vj 

VI 

m  m  -n 

m  Ti  m  rr 

m  11  T,  ,Ti  m  T  T 

Tl 

rr  rr  T? 

m 

m 

i-»  o  I-*  <  cr  o 

C3    :3   O    :3    O   CD 


I-*  rxjojcs  »Jii\>oc»i-»  O'OJ*-**-'  04vn»-»  'Nji-^rsjoi*-* 


o 

O'OtoCD      VlVli\jCAlVlH»l-*aC*-*C3 

f  o  o 

•c 

•c 

o 

l-»    VI  C3    VJi  Cw  \J1CD    O   C4  ^    to  O  'O   CX" 

<J1   OJ  !-• 

to 

CD 

IV 

vitoajv.!--  *.   vitoi-'oa  040-f\j 

IVI  f    VI 

vJi 

IV 

o 

-O     \Jl  f*     vJl  >i>    >4^     l>     to   >0  CD     VJl   ■>    Ul   VI 

to  lb  -n 

to 

o 

» 

v-Macnaio  oj  toO^'Ovf  tocr 

O-  O    V. 

o; 

o- 

VI 

l-'IVJviOJVJltoOl.Njrvjvl.Cl-OlOJ 

►^  <ji  ►^ 

o> 

VI 

■^ 

viOlOBCDOSI-^INJ^OC-t     UmJl>    toOlvi 

>o    i>  i> 

a- 

■o 

OS 

o-jc3i-'i\)VJio>o  tofoivjrO'Oi-'o 

to  OB   O 

VJl 

Ol 

OB 

VJ10  oitji  toiMf-'cs  a>\jio  to-oi-> 

o  «  -o 

H* 

rv> 

VJI 

iv)>-*ojiv)\r33i\j'oa)Cij»-*c»vicD 

vji  o>  I-* 

OJ 

t« 

o 

vjiaBCT>a>vi<oviro<ocDto~o\Jii-' 

»-•  r>o  o> 

OB 

VI 

m 

rnmrnmmmmfnrnfnmmmrn 

m  m  rn 

m 

m 

O  O  CD  O  O  O 

O  ^  O  CD  ^  C3 

^  CD  :=  O  O  CD 

C3  <D  CD  CD  CD  CD 

o  o  o  o  o  o 

c  o  o  c^  o  c;- 

(D  .::j  iD  cj  C-*  CD 

c:  CD  CD  c  c:  c; 

CD  CD  ^  CD  O  CD 

.Tl  iTi  m  IT»  (Tl  (Tl 


\Jl   I 


'O   c^iroMiODi-'  ^r-»  ooJOr-*  M<>ODaD  rovnc^OJ 


<o 

o 

VI 

o 

to  <! 

o 

o 

VI  00 

VI 

!-■ 

O 

Ol 

to 

vl 

VJ 

C3 

(VJ 

o> 

o 

VI 

Oil 

too 

OJ  <t> 

O) 

VI 

o 

VI 

00 

-c 

o 

c 

VJl 

Oil 

VJl 

Ol 

v; 

« 

VI 

»-* 

VJl  00 

f-» 

a> 

IV)  o 

Od 

C3 

<o 

OB 

toCB 

•o 

»-* 

VI 

VJl 

to 

vJ 

o> 

■o 

to 

»-» 

a> 

o 

VI 

to 

o> 

too 

O 

to 

»-» 

■o 

■o 

VJl  <o 

VJl 

o> 

»-* 

CD 

a> 

OB  O 

M 

00  C3 

♦-• 

C3 

•c 

I-* 

to  cx> 

(3 

O) 

Ol  o 

V-* 

rsj  o 

Ul 

o> 

VI 

iji 

04 

u 

OJl-» 

04  vl 

Ol 

(V) 

vl 

to 

o 

rv)  o 

Ol 

t-> 

OJOO 

o,  a> 

VI 

O- 

o> 

>J> 

Ol 

to 

CIO) 

OB 

VI 

oai-> 

o 

-o 

l-» 

u 

to 

!-• 

t-k 

to 

IV 

IV) 

•o 

VI  O 

o 

M 

•V) 

VJl  -O 

O 

vl 

o 

00 

to 

o 

<o 

o 

o 

VJ 

H« 

to  <o 

Oil 

Oi 

VI 

Oil  I-* 

fV) 

VI 

IV)  <o 

to 

Ota 

fV> 

ro 

VI 

O  H' 

IV) 

•O  C3 

(VJ 

VI  K» 

WO 

VI 

vi 

o> 

to 

VI 

•o 

o 

^ 

OB 

o 

vfi  ro  OB 

w  o 

•o 

V/1  IV) 

<j\  <o 

« 

O- 

o 

(VJ 

■to  <>. 

t-» 

m 

m 

m 

m 

m 

m 

m 

rp 

m 

m 

m 

m 

m 

m 

m 

m 

rr 

m 

m 

m 

m 

2 


I-*  O  C3  C3 

^  CD  O  C3 

>0  ^3  CD  O 

>0  CD  CD  C3 

>0  CD  CD  O 

<0  ^  CD  O 

>0  CD  O  CD 

«0  C3  CD  CD 

>o  ^  ^  ^ 
^  O  <3  ^ 
00  O  O  O 

m  rr  m  m 


-o  -o 

^O  iO 

o  o 

<o  <o 

■o  <o 

OB  (S 

m  m 


;^  JV   A>   A   A   A.  1 1 

O*  \JJ  to  OJ  rvj  M   - 


VJl  to  t^  a>  M  toe 


041-'    VIVJIVnOH'OBOII-'H'    vl(V)t-'<»    OIMO-IV) 


IV)  >o 

i-» 

•o 

•-» 

on-* 

VI 

VIO 

IV) 

04 

vl  O 

to 

Ol  <i 

(V) 

o- 

Ol 

Ol 

VJl 

to 

•c 

o 

to 

VJl 

on-" 

CD 

to 

04 

rv)  o 

to  o 

VJl 

i-» 

VJIt-. 

IV) 

vn 

o 

to  (S 

<o 

f-* 

H* 

VI  -O 

H* 

-o 

<x> 

VJl 

IV)  H* 

vl 

« 

OB 

to 

to 

VJl 

to 

VJl  <o 

■o 

VJl  c^  o 

o 

vl 

H* 

<o 

o 

■to  <o 

-o 

CD 

04  OB 

to 

to 

vIO 

CT.O 

00 

(VJ  (s 

OB 

O) 

OB 

<y 

VJl 

Vj 

K* 

vn  t-' 

(> 

VJIIV) 

-o 

■to  IV) 

o 

OB 

VJl 

VJl  OB 

vl 

VJl 

vl 

to 

l-» 

o 

» 

VI 

a. 

OB 

OB 

a>  i-» 

•-• 

VJIIV) 

VI 

a> 

to  <o 

00 

VI 

VJl 

VI 

H. 

>o 

to 

to 

■o 

c^  »-» 

VIO 

•o 

<o 

to 

H» 

•o 

O 

Ol 

VI 

VI 

♦i* 

VI  O 

VIO 

(V) 

(V) 

9.  .o 

l-« 

iS 

rv) 

vl  O 

<3 

H» 

VJl 

VJl 

to  a> 

VI 

c^ 

a> 

■o 

VJl  IV) 

(V) 

rvj 

Ol 

a>  o 

04 

Ol  rvJ 

Ol 

vl 

VJl 

IV  o 

CD 

Ol  O  H> 

t-» 

(VJ 

v*i  oo 

aa  o 

<o 

Oi 

■to 

vl 

vl 

vn  <o 

IV) 

m 

m 

m 

m 

m 

m 

m 

m 

m 

m 

m 

m 

m 

m 

m 

m 

m 

m 

Tl 

O  O  CD  C3    a  c 


^  A  A  «  » 


IV3  H> 

IV) 

IV) 

(V) 

(V) 

VJl 

VJl 

to 

to 

VJl 

W 

o 

o>  cs 

o 

o 

■o 

IV) 

to 

VJl  (VJ 

VJ 

>-» 

vl 

to  o> 

VI 

-o 

H» 

VI 

(V) 

o>  I-* 

>c 

o- 

VJ 

CD 

to 

OJ  <o 

OJ 

IV)  o  o 

(V) 

O  o 

<M<i 

l-» 

>o 

l-» 

vl 

VJl  <o 

o  ►* 

VJl  IV) 

O 

l-» 

o. 

(V)  o 

Ol 

IP  m  (Tl  (Tl 

m  m 

o 

CD 

CD 

l-» 

o 

CD 
I-* 

CD 

IVJ 

o 

VJl 

<^ 

CD 

(V) 

Ol 

■too 

00 

IVJ  <o 

a> 

• 

VI 

c> 

vji-o 

o 

OICD 

a> 

o> 

Ol 

VJl  CD 

^^  o 

to 

VI 

(V> 

OJ  o 

CB 

CD 

CD 

o- 

o 

OJ 

V) 

l-* 

O 

o 

CD 

CD 

o  %o 

.o 

m 

VJl  rvjo 

CD 

>c 

OJ 

vl 

l-» 

vl  >-» 

o 

to 

CD 

t-* 

o 

« 

o 

(V) 

vjlo 

m 

1 

m 

1 

m 

m 

1 

(Tl 

(Tl 

to 

<=> 

o 

CD 

o 

o 

o 

• 

(VJ 

IV)0 

(V) 

CD 

M 

O 

'  ^  O   ^  ^   ^   ^   C3 


CaI-O    VJIOB    OIOII-'t-»    OlviK'>0    Olvlt-"   VJIOJOIVJl 

^OCDai<>VJOI-'OICDIV>vjOiJ»-'OI-'0-OCD 
vl■OVJItovlOIIV>to■to^OvJlvltovfllV)^Ovlvlvn 

vJ>OvJCD     toH*<0(SVJl(SCDCDVJllV)'0Otovlvj 

»vivji(BVJi>Ovivji<oorvjtoiO  tovivjivnovji 
•-'O>oi<oi-'0'(svia>i-*«o<noia>^toi-'i->oi 
o(v)(V)i-'iv>iv)OB«vnojo  oivjiH'CSorvjcDoi 
oi(v)'>oaDaBo  .to»o>o>iooo>vivjii-'vjo.ii-» 
040i<ovjoioiNO(vjvirorv>  toi-'(v)ooaBi-'(v> 

<OVJlCDvlVJII-'OIVJOO(V>l-'VJlvJ»-'V/ICDIV)a> 

o  to■toc^lV)OB  tooioOBrooi-^vjiivjH'-o  tovn 

■to^tovlVJIOBOI->M<OV>lvJ.toOC3     ■»(>>-'*■» 

(Ti(Ti(Timm(Ti(Timmm(Timrn(Timm(Timm 


■V)  V)  V)  \3  ro  IV) 

^O  ^D  O)   C9   00  ^D 

OJ  Oil  OJ  OJ   OJ   OJ 

^  ^  ^  ^  o*  o* 

00  OB  OB  CO   OB  Ob 

»-•  ►-  t-'  I-'  I-*  t-» 
^O  "G  ^O  "G  *0  'O 
Cm  Ol  Ol  (/ij  0<  OJ 
to  to  ■to  to  to  to 
Ul  Ol  \ll  VJl  VJl  Ol 
O)    VJl  CD  CD   (S    VJl 

(Tl  m  (Tl  (n  m  m 


INITIAL  DISTRIBUTION  LIST 

No.  Copies 

1.  Defense  Documentation  Center  20 
Cameron  Station 

Alexandria,  Virginia  22314 

2.  Library  2 
U.  S.  Naval  Postgraduate  School 

Monterey,  California 

3.  Naval  Ship  Systems  Command  1 
Department  of  the  Navy 

Washington,  D.  C.   20360 

4.  FOIC,  Philippine  Navy  1 
Headquarters 

Dewey  Blvd. , 
Manila,  Philippines 

5.  Prof.  R.  E.  Newton  1 
Department  of  Mechanical  Engineering 

U.  S.  Naval  Postgraduate  School 
Monterey,  California 

6.  LT  Maximo  S.  Dumlao  1 
145  K  l^st  Kamunlng 

Quezon  City,  Philippines 

7.  Prof.  G.  Cant In  1 
Department  of  Mechanical  Engineering 

U.  S.  Naval  Postgraduate  School 
Monterey,  Callfonila 

8.  Mr.  John  F.  Yardley  1 
McDonnell  Aircraft  Corp. , 

St  Louis,  Missouri   63166 


i 


84 


Unclassified 


Security  Classification 


DOCUMENT  CONTROL  DATA  •  R&D 

(Stourlty  ctmumUtcmtion  ol  Utlm,  body  •!  mhmttmct  and  indexing  annotmtlon  mual  b*  antmr^d  wfian  tfi*  ovmrmll  npott  la  claaalllad) 


1.  ORICINATIN  G  ACTIVITY  (Corperata  author) 

U.  S.  NAVAL  POSTGRADUATE  SCHOOL,  Monterey,  Calif. 


2a.    RE^OHT  SECURITY    CLASSIFICATION 


Unclassified 


Zb    anoum 


N.A. 


3.  REPORT  TITLE 

Finite  difference  solutions  for  plate  buckling  problems 


4.   DESCRIPTIVE  NOTES  (Typa  ol  taport  and  Ineluaiva  dataa) 
N.A. 


S.  AUTHORfS;  (Lmat  itmma.  Html  nmma,  Htttiml) 

DUMLAO,   Maximo  S.,    JR,    LT,    Philippine  Navy 


«.  REPORT  DATE 


May  66 


7«-     TOTAL   NO.    OF    PAGES 


7b.  NO.  OF  REFS 

10 


S«.  CONTRACT  OR  6RANT  NO. 


b.    PROJECT  NO. 


N.A. 
N.A. 


9a.    ORIGINATOR'S    REPORT   NUMBERCSJ 

N.A. 


9b.   OTHER  REPORT   NOCS^  (Any  otharnumbara  Ihat  may  ba  aaai0itad 
Ihia  taport) 

N.A. 


10.  AVAILABILITY/LIMITATION  NOTICES 


"^/'^/^t   60^ 


This  document  has  been  approved  for  public 
y^Iease  and  sale;  it3  diatrlbutj on  l.s  unlimltedr 


11.  SUPPLEMENTARY  NOTES 


Hone 


12-  SPONSORING  MILITARY  ACTIVITY 


U.    S.    Navy 


13.  ABSTRACT 


DD  /.?r..  1473 


Unclassified 


85 


Security  Classification 


Unclassified 


Security  Classification 


14. 


KEY  WORDS 


LINK  A 


ROLC 


LINK  B 


ROLC 


LINK  C 


ROLE 


Buckling  of  rectangular  plates 
Clamped  and  simply  supported. 
Small  deflection  theory. 
Digital  computer  program. 


INSTRUCTIONS 


1.    ORIGINATING  ACTIVITY:    Enter  the  name  and  address 
of  the  contractor,  subcontractor,  grantee.  Department  of  De- 
fense activity  or  other  organization  (cotporate  author)  issuing 
the  report. 

2a.    REPORT  SECUMTY  CLASSIFICATION:    Enter  the  over- 
all security  classification  of  the  report.    Indicate  whether 
"Restricted  Data"  is  included.    Marking  is  to  be  in  accord- 
ance with  appropriate  security  regulations. 

26.    GROUP:    Automatic  downgrading  is  specified  in  DoD  Di- 
rective 5200. 10  and  Armed  Forces  Industrial  ManuaL   Enter 
the  group  number.    Also,  when  applicable,  show  that  optional 
markings  have  been  used  for  Group  3  and  Group  4  as  author- 
ized. 

3.  REPORT  TITLE:    Enter  the  complete  report  title  in  all 
capital  letters.    Titles  in  all  cases  should  be  unclassified. 
If  a  meaningful  title  cannot  be  selected  without  classifica- 
tion, show  title  classification  in  all  capitals  in  parenthesis 
immediately  following  the  title. 

4.  DESCRIPTIVE  NOTES:    If  appropriate,  enter  the  type  of 
report,  e.g.,  interim,  progress,  summary,  annual,  or  final. 
Give  the  inclusive  dates  when  a  specific  reporting  period  is 
covered. 

5.  AUTHOR(S):    Enter  the  name(s)  of  authoKs)  as  shown  on 
or  in  the  report.    Enter  last  name,  first  name,  middle  initial. 
If  military,  show  rank  and  branch  of  service.    The  name  of 
the  principal  author  is  an  absolute  minimum  requirement. 

6.  REPORT  DATE:    Enter  the  date  of  the  report  as  day, 
month,  year,  or  month,  year.    If  more  than  one  date  appears 
on  the  report,  use  date  of  publication. 

7a.    TOTAL  NUMBER  OF  PAGES:    The  total  page  count 
should  follow  normal  pagination  procedures,  Le.,  enter  the 
number  of  pages  containing  information. 

7b.    NUMBER  OF  REFERENCES:    Enter  the  total  number  of 
references  cited  in  the  report. 

8a.    CONTRACT  OR  GRANT  NUMBER:    If  «?)propriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  which 
the  report  was  written. 

8b,  8c,  &  8d.  PROJECT  NUMBER:  Enter  the  appropriate 
military  department  identification,  such  as  project  number, 
subproject  number,  system  numbers,  task  number,  etc. 

9a.    ORIGINATOR'S  REPORT  NUMBER(S):    Enter  the  offi- 
cial report  number  by  which  the  document  will  be  identified 
and  controlled  by  the  originating  activity.    This  number  must 
be  unique  to  this  teporU 

9b.  OTHER  REPORT  NUMBER(S):  If  the  report  has  been 
assigned  any  other  report  numbers  (either  by  the  originator 
or  by  the  aponaor),  also  enter  this  number(s). 

10.    AVAILABILITY/LIMITATION  NOTICES:    Enter  any  lim- 
itations on  further  dissemination  of  the  report,  other  than  those 


imposed  by  sectirity  classification,  using  standard  statem«nta 
such  as: 

(1)  "Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC" 

(2)  "Foreign  announcement  and  dissemination  of  this 
report  by  DDC  is  not  authorized. " 

(3)  "U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.    Other  qualified  DDC 
users  shall  request  through 


(4)     "U.  S.  military  agencies  may  obtain  copies  of  this 
report  directly  from  DDC    Other  qualified  users 
shall  request  through 


(5)     "All  distribution  of  this  report  is  controlled.   Qual- 
ified DDC  users  shall  request  through 


If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi- 
cate this  fact  and  enter  the  price,  if  known. 

IL    SUPPLEMENTARY  NOTES: 
tory  notes. 

IZ  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  (pmy 
ing  for)  the  research  and  development.    Include  address. 

13.  ABSTRACT:    Enter  an  abstract  giving  a  brief  and  factual 
summary  of  the  document  indicative  of  the  report,  even  though 
it  may  also  appear  elsewhere  in  the  body  of  the  technical  re- 
port.   If  additional  space  is  required,  a  continuation  sheet  shall 
be  attached. 

It  is  highly  desirable  that  the  abstract  of  classified  reports 
be  unclassified.    Each  paragraph  of  the  abstract  shall  end  with 
an  indication  of  the  military  security  classification  of  the  in- 
formation in  the  paragraph,  represented  as  (TS),  (S),  (C),  or  (U). 

There  is  no  limitation  on  the  length  of  the  abstract.    How- 
ever, the  suggested  length  is  from  150  to  225  words. 

14.  KEY  WORDS:    Key  words  are  technically  meaningful  t»tm» 
or  short  phrases  that  characterize  a  report  and  may  be  used  as 
index  entries  for  cataloging  the  report.    Key  words  must  be 
selected  so  that  no  security  classification  is  required.    Identi- 
fiers, such  as  equipment  model  designation,  trade  name,  miliiaiy 
project  code  name,  geographic  location,  may  be  used  as  key 
words  but  will  be  followed  by  an  indication  of  technical  con- 
text.   The  assignment  of  links,  rales,  and  weights  is  optloaal. 


Use  for  additional  explana- 


DD 


FORM 

1    JAN   04 


1473  (BACK) 


Unclassified 


Security  Classification 


i 


i 


